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(54) Apparatus and methods for deployment release of intraluminal prostheses

(57) A delivery catheter for a radially compressible tubular prosthesis comprises an elongate shaft slidably received

within an elongate sheath. The prosthesis is carried over the distal end of the shaft where it is contained in a radially

compressed configuration by the sheath. After introducing the catheter to a desired target location within a body lumen,

the prosthesis may be released by proximally retracting the sheath. Optionally, the prosthesis will remain anchored to

the shaft during at least part of the release procedure, permitting the userto recapture the prosthesis by distal ly advancing

the sheath. Additionally, an alternative delivery catheter for a radially compressible tubular prosthesis is provided, com-

prising an elongate shaft slidably received within a tubular cover. The prosthesis is carried within a plurality of elongate,

relatively hard runners, and is restrained in a radially compressed configuration by the cover. The prosthesis may be

released by proximally retracting the cover The runners may optionally remain disposed about the prosthesis to be

retracted separately, or, alternatively, the runners retract proximally with the cover as the prosthesis slides over the hard

runner surfaces.
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Description

BACKGROUND OF THE INVENTION

1
. Field of the Invention

The present invention relates generally to apparatus
and methods for the endoluminal placement of resilient
tubular prostheses, such as grafts, stents, stent-grafts
and other structures. More particularly, the present in-
vention relates to a delivery catheter for the initial placing
and optional repositioning of such intraluminal tubular
protheses in body lumens, including blood vessels, for
the treatment of abdominal and other aneurysms.

Vascularaneurysms are the result of abnormal dila-
tion of a blood vessel, usually resulting from disease
and/or genetic predisposition which can weaken the ar-
terial wall and allow it to expand. While aneurysms can
occur in any blood vessel, most occur in the aorta and
peripheral arteries, with the majority of aortic aneurysms
occurring in the abdominal aorta, usually beginning be-
low the renal arteries and often extending distally into
one or both of the iliac arteries.

Aortic aneurysms are most commonly treated in
open surgical procedures where the diseased vessel
segment is bypassed and repaired with an artificial vas-
cular graft. While considered to be an effective surgical
technique, particularly considering the alternative of a
usually fatal ruptured abdominal aortic aneurysm con-
ventional vascular graft surgery suffers from a number
of disadvantages. The surgical procedure is complex
and requires experienced surgeons and well equipped
surgical facilities. Even with the best surgeons and
equipment, however, patients being treated frequently
are elderly and weakened from cardiovascular and other
diseases, reducing the number of eligible patients. Even
for eligible patients prior to rupture, conventional aneu-
rysm repair has a relatively high mortality rate, usually
from 3% to 10%. Morbidity related to the conventional
surgery includes myocardial infarction, renal failure im-
potence, paralysis, and other conditions. Additionally
even with successful surgery, recovery takes several
weeks, and often requires a lengthy hospital stay

In order to overcome some or all of these draw-
backs, endovascular graft placement for the treatment
of aneurysms has been proposed. Although very prom-
ising, many of the proposed methods and apparatus suf-
ferfrom other problems. In particular, delivery and place-
ment of the endovascular graft within the vasculature can
be problematic. Proper positioning and sizing of the en-
dovascular graft is critical to the successful treatment of
an aneurysm. With many endovascular graft structures
and their associated delivery catheters, it is difficult or
impossible to retract a partially released graft structure
Thus, improper initial placement of a vascular graft can
sometimes require open surgical procedures for correc-
tion. Additionally, proper sizing of the graft can require
maintenance of a large inventory of graft delivery cathe-
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ters, where each catheter carries a graft having a differ-
ent length anoYor expansible diameter.

Furthermore, grafts are often resilient, biased to ex-
pand and anchor the graft within the body lumen. These

5 resiliently expanding grafts are tightly compressed with in
the catheter and impose significant forces against the
surrounding catheter bodies, often leading to excess fric-
tion between the graft and the catheter wall. These forc-
es complicate the loading of the graft into the catheter,

" as well as the accurate release of grafts and stents in
body lumens. Moreover, the catheters must maneuver
the graft within the vascular system. Thus, the catheters
are required to have flexible, elongate bodies which are
particularly susceptible to the expanding graft, often re-

's suiting in invagination of the graft in the soft material of
the catheter wall.

For these reasons, it would be desirable to provide
improved apparatus and methods for endovascular
placement of intraluminal protheses, including grafts

20 stents,andstent-grafts
f fortreatinganeurysmsandother

conditions.

It would be particularly desirable to provide delivery
catheters and methods for the placement of endoluminal
tubular prostheses which would facilitate the controlled

25 release of resilient tubular prostheses. It would be par-
ticularly desirable to provide delivery catheters and
methods for the placement of endoluminal and other tu-
bular prostheses which permit the repositioning antfor
retrieval of partially released prostheses. It would be fur-

so
therdesirableifsuchdeliverycatheterswereabietocon-
tam the protheses firmly within the catheter until the final
release of the prostheses into the blood vessel It would
also be particularly desirable to provide delivery cathe-
ters and methods which reduce the frictional forces cre-
ated by the resilient expansion against the catheter dur-
ing loading and release of the prostheses.

2. Description of the Background Art

vascular grafts and devices for their endoluminal
placement are described in U.S. Patent Nos 5 282 824-
5,272,971; 5,242,399; 5,219,355; 5,211,658; 5201 757"'

5,192,297; 5,190,058; 5,158,548; 5,147,370; 5,104399 :

5,092,877; 5,078,726; 5,01 9,085; 4,990, 151 4 950 227 :

45 4,913,141; 4,886,062; 4,820,298; 4,787,899; 4,617W
4,562,596; 4,577,631; and 4,140,126; and European
Patent Publications 539,237; 533,51V 518 839-
518,704; 508473; 505,686; 466518; and461 791 Cath-
eters for placing vascular stents are described in U Sso Patent Nos. 5,192,297; 5,092,877; 5,089 005 :

5,037,427; 4,969,890; and 4,886,062. Catheters carding
a graft structure in a tube or capsule are described in
U.S. Patent Nos. 5,275,622; 5,104,399; and 4,787 899'
and EP466518.

55

SUMMARY OF THE INVENTION

The present invention provides apparatus and meth-
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ods for the endoiuminal placement of intraluminal pros-

theses, including grafts, stents, and stent-grafts, for the

treatment of disease conditions, particularly aneurysms.

The intraluminal prostheses will typically comprise a re-

silient, radially compressible, tubular frame having a

proximal end, a distal end, and an axial lumen therebe-

tween. In the case of graft prostheses, a liner, typically

a fabric, polymeric sheet, membrane, or the like, will line

all or most of the luminal surface of the tubular frame,

usually extending from a near-proximal location to a

near-distal location. Suitable graft structures for place-

ment using the catheters and methods of the present in-

vention are described in copending application Serial

No. 08/255,681, the full disclosure of which is incorpo-

rated herein by reference.

The intraluminal prostheses of the present invention

are suitable forawide variety of therapeutic uses, includ-

ing stenting of the ureter, urethra, biliary tract, and the

like. The present devices and methods will also be useful

for the creation of temporary or long term lumens, such

as the formation of fistulas. The present invention will find

its greatest use, however, in the placement of endovas-

cular prostheses into blood vessels for the treatment of

abdominal and otheraneurysms, vascular stenoses, and

the like.

According to the present invention, a delivery cath-

eter for positioning a radially compressible tubular pros-

thesis comprises an elongate flexible shaft having a

proximal end and a distal end. A retaining structure is

disposed near the distal end of the shaft and releasably

holds the prosthesis to maintain the axial position of the

prosthesis on the shaft. A sheath is slidably received

over the shaft and radially compresses the prothesis

while the prosthesis remains axially held by the retaining

structure. Alternatively, the retaining structure can com-

prise a separate cover structure which maintains radial

compression of the prostheses as the sheath is proxi-

mally retracted.

The prosthesis can be partially released from the

catheter into a blood vessel or other body lumen by ax-

ially retracting the sheath to allow the prosthesis to ex-

pand and conform to the interior surface of the lumen

being treated. The prosthesis, however, will remain at-

tached to the catheter shaft by the retaining structure,

and so long as the prosthesis remains attached, it can

be recaptured simply by distaiiy advancing the sheath

back over the expanded portion of the prosthesis to ra-

dially compress it back on to the underlying shaft. In this

way, the prosthesis can be recaptured and optionally re-

positioned and rereleased. Alternatively, the prosthesis

can be withdrawn from the body lumen entirely.

In order to facilitate release and optional recapture

of the prosthesis relative to the catheter, the sheath is

preferably provided with a flared distal end. In a first par-

ticularly preferred design, a mechanism will be provided

for reconfiguring the distal end of the sheath between a

non-flared configuration (maintained during introduction

of the catheter to a target location in the body lumen) and

aflared configuration. For example, an inflatable bladder

may be provided at the distal end, where inflation of the

bladder causes the distal end of the sheath to flare radi-

ally outward. Alternatively, the distal end may include a
5 resilient structure having a fixed, outwardly flared con-

figuration. During introduction of the catheter to the body

lumen, the resilient flared end may be radially confined,

e.g., by a slidable containment sleeve disposed over the

sheath or by an axially translatable cap structure which

10 can capture the flared end of the sheath. As yet another

alternative, the distal structure of the sheath may com-

prise heat memory alloy components which remained

non-flared at low temperatures (to facilitate introduction)

but which assume the desired flared structure when in-

15 troduced to a body temperature environment.

As an alternative or in addition to the flared distal

end of the prosthesis-containment sheath, the catheter

may be provided with a tubular membrane which is at-

tached at one end to the shaft at a location proximal of

20 the retaining structure and at the other end to the inside

of the sheath. The membrane is thus disposed to enve-

lope the prosthesis once a prosthesis is received in its

radially compressed configuration within the sheath. As

the sheath is proximally retracted, a radially outward por-

25 tion of the tubular member is drawn backwards, causing

the tubular member to evert to release the expanding

prosthesis while continuing to cover the portion of the

prosthesis which is being released from the sheath. By

providing a tubular membrane formed from a lubricous

30 material, release and optional recapture of the radially

compressible prosthesis can be greatly facilitated.

The retaining structure on the catheter shaft which

anchors the prosthesis can take a variety of forms. Most

simply, the retaining structure can comprise a plurality of

35 locking stays which extend radially outward to penetrate

the prosthesis and engage the interior wall of the sheath.

Such locking stays are preferably circumferentially

spaced-apart over the region of the catheter shaft which

is axially aligned near the proximal end of the prosthesis

to when held on the shaft. In this way, the prosthesis will

be held in place as the containment sheath is proximally

translated in order to release the prosthesis. As a partic-

ular advantage, the prosthesis will also be held firmly in

place if it is desired to distaiiy advance the sheath in order

45 to recapture the partially expanded prosthesis.

in an alternative configuration, the retaining struc-

ture comprises a pair of axially-spaced^apart locking

stays and a pull wire which passes through each of the

locking stays. By further passing the pull wire through

so the radially compressible prosthesis, the prosthesis may
be held in place on the catheter shaft until the pull wire

is removed. A wide variety of other specific mechanisms

for retaining the prosthesis on the catheter shaft are also

available.

55 The retaining structure may also comprise a cover

which is detachably secured over the radially compress-

ible prosthesis where the delivery catheter further in-

cludes a mechanism operable from the proximal end of

3
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the flexible shaft for detaching the cover to release the

prothesis. Usually, the covered prosthesis will be further

contained within the axially slidable sheath so that the

sheath is first retracted to expose the cover, and the cov-

er is then released from the radially expansible prosthe-

sis within the blood vessel or other body lumen.

The detachable cover may comprise a variety of

structures and/or mechanisms but will usually be a cy-

lindrical structure encased around the prosthesis. Exem-

plary covers and detachment mechanisms include a

cord which may be drawn proximalty in order to split the

cylinder along at least one axial or spiral line. Alterna-

tively, the cover can comprise a plurality of resilient, ra-

dially flared axial elements which are held in place by an

axially translatable end cap. The end cap may be selec-

tively distally advanced in order to release the axial ele-

ments from around the prosthesis. As further a alterna-

tive, the cover may be axiaily weakened along a circum-

ferential or helical line, where a proximal portion of the

cover may be drawn in a proximal direction in order to

separate the cover into two halves which release the

prosthesis from therebetween.

In yet another aspect of the delivery catheter of the

present invention, a journal sleeve may be slidably dis-

posed over the prosthesis-containing sheath in order to

permit external anchoring of the catheter while the

sheath remains free to axially translate relative to the

journal sleeve and shaft. Preferably, a lock will be pro-

vided to selectively attach the shaft to the journal sleeve

while permitting the sheath to be axially translated. In this

way, the position of the catheter shaft and radially com-

pressed prosthesis (which is held thereon) may be fixed

within the body lumen and then locked into place by lock-

ingthe journal sleeve within an introducer sheath orother

access device which is provided for percutaneous ac-

cess. After the shaft and prothesis are locked in place,

the sheath may be proximally retracted in order to re-

lease the prosthesis (allowing it to radially expand) with-

out disturbing the preset position of the prosthesis within

the lumen.

In yet another preferred aspect of the catheter intro-

ducing system of the present invention, a prosthesis car-

tridge for use with a delivery catheter comprises (1 ) a

shaft extension having a proximal end, a distal end, and

a coupling member at the proximal end, and (2) a sheath

extension having a proximal end, a distal end, and a cou-

pling member at the proximal end. A prosthesis is radially

compressed over the shaft extension and within the

sheath extension. The prosthesis cartridge can be con-

nected to a delivery catheter including an elongate flex-

ible shaft having a proximal end, a distal end, and a cou-

pling member at the distal end for mating with the cou-

pling member on the shaft extension. The delivery cath-

eter will further include an elongate member slidably at-

tached to the shaft and having a proximal end, a distal

end, and a coupling member at the distal end for mating

with the coupling member on the sheath extension. By

providing prosthesis cartridges having a variety of useful

lengths and/or diameters, the need for maintaining a

large inventory of delivery catheters can be greatly re-

duced. Moreover, having an available inventory of

precompressed prostheses, such as vascular grafts or

5 stents, which are maintained sterilely greatly facilitates

use of the delivery catheter system.

According to the method of the present invention, a

shaft having a radially compressed prosthesis on its dis-

tal end is positioned at a target location within a body

10 lumen, such as a blood vessel. A sheath which is dis-

posed over the prosthesis to maintain its radial compres-

sion is then retracted in a proximal direction to permit

radial expansion of the prosthesis while the prosthesis

remains axially anchored on the shaft. Optionally, the

15 sheath may be distally advanced to recompress and re-

capture the prosthesis at any time while the prosthesis

remains anchored to the shaft. After the sheath has been

substantially entirely retracted over the prosthesis, the

prosthesis is released from the shaft to effect implanta-

20 tion. Preferably, both the shaft sheath are percutaneous-

ly introduced to the body lumen.

In a preferred aspect, the method of the present in-

vention further comprises flaring a distal end of the

sheath to facilitate retraction and optional advancement

25 of the sheath over the prosthesis. The sheath may be

flared by any of the mechanisms described above in con-

nection with the apparatus of the present invention. Al-

ternatively, the method can further comprise everting a

tubular membrane which coversthe prosthesis within the

30 sheath as the sheath is proximally retracted. The mem-

brane prevents direct contact between the sheath and

the prosthesis and thus facilitates release and recapture.

Additionally, according to the present invention, a

delivery catheter for positioning a radially compressible

35 prosthesis comprises an elongate flexible shaft structure

having a proximal end and a distal end. The shaft struc-

ture includes a prosthesis receptacle near the distal end.

A tubular cover is slidably disposed about the shaft with

at least one runner disposed within the distal end of the

40 cover, wherein the runner is formed of a harder material

than is the cover. The prosthesis can slide against the

hard runner material within the cover in response to a

distal force applied from the shaft. Advantageously, the

hardness of the runner material avoids invagination of

45 the compressed prosthesis frame in the cover while al-

lowing use of a softer, more flexible cover material to fa-

cilitate intraluminal maneuvering of the catheter. Addi-

tionally, reduced friction between the prosthesis and cov-

eralso facilitates the precise positioning of the prosthesis

so by reducing the forces input at the proximal end and

transmitted through the catheter body. The reduced fric-

tion of the present delivery catheter is also beneficial

when it is necessary to recapture a partially deployed

prothesis.

55 As used herein, a "prosthesis receptacle" is a struc-

ture or region along a shaft in or over which a radially

compressible tubular prosthesis is carried during

maneuvering of the shaft and prosthesis within a body
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lumen. The prosthesis receptacle may include a struc-

ture or portion at or near the distal end of the shaft which

engages the prosthesis to effect its release-for example,

a distal force imparting structure on the shaft that re-

strains proximal movement of the prosthesis asthe cover

slides proximaliy. Although the devices and methods of

the present invention are illustrated with continuous

shafts and covers for clarity, the principles of the present

invention are fully compatible with an attachable pros-

thesis cartridge, as described herein. Similarly, catheter

diameters may be reduced proximaliy of the prosthesis

to facilitate intravascular maneuvering within the scope

of the present invention

Preferably, the present catheter includes a plurality

of axially disposed runners affixed together at their prox-

imal ends, thereby reducing contact between the pros-

thesis and the soft inner surface of the cover. Optionally,

the runners remain around the prothesis as the cover

slides proximaliy during deployment. Alternatively, the

cover and runners are withdrawn together as the pros-

thesis slides against the hard runners. Usually, the run-

ners facilitate loading of the prosthesis by compressing

the prosthesis as the runners and prosthesis slide to-

gether proximaliy into the cover. The runners are prefer-

ably formed of a high strength metal such as stainless

steel, a stainless alloy, titanium, a titanium alloy, or a

shape memory alloy such as Nitinol™, ideally being 304

or 31 6 stainless steel.

In a preferred embodiment, the present delivery

catheter comprises an elongate flexible shaft and a tu-

bular cover slidably disposed about the shaft. A plurality

of elongate runners extend distally from the shaft, the

runners having a hardness greater than the cover. The

runners are radially constrained when the cover is dis-

tally extended over a prosthesis receptacle on the shaft,

and are released by proximaliy retracting the cover. Ad-

vantageously, the runners of the present invention can

be used to help compress the prosthesis and load it into

the cover without damaging the prosthesis frame, either

prior to insertion in the patient, or to facilitate recapture

of a prosthesis which has been partially deployed within

a body lumen.

Preferably, the shaft structure further comprises a

core shaft with a guidewire lumen, the core shaft and

cover providing an atraumatic distal tip to avoid injury

during insertion. Optionally, the core shaft is attached to

the shaft. Preferably, the core shaft can slide independ-

ently of the shaft, allowing retraction of a distal nosecone

through the prosthesis prior to withdrawing the runners.

This reduces the possibility of moving a partially de-

ployed prosthesis by allowing manipulation of the nosec-

one within the prosthesis, rather than withdrawing both

the nosecone and the surrounding runners simultane-

ously.

Optionally, the present catheter further includes a

housing at the proximal end of the shaft with a mechan-

ical advantage mechanism, preferably a linear screw,

which further reduces the actuation forces and allows

precise, gradual release of the prosthesis. A friction re-

ducertubemay further be provided to facilitate withdraw-

ing of the cover through an introducer sheath. The friction

reducer tube is slidably disposed over the cover of the

5 delivery catheter of the present invention, and includes

a seal against the cover to provide hemostasis. The fric-

tion reducer tube is insertable within an introduction

sheath, and allows movement of the delivery catheter

with less friction than the introduction sheath, which must

10 seal against a variety of invasive surgical devices. Op-

tionally, a brace mechanically couples the proximal end

of the shaft to the introduction sheath to prevent distal

movement of the prosthesis or runners during deploy-

ment. Such a brace is particularly advantageous when
is a single surgeon is to manipulate the delivery catheter

of the present invention.

The runners are again preferably formed of a high

strength alloy. There are preferably between 1 and 20

runners, each runner being a strip which is longer than

20 the prosthesis. The total width of all the runners is limited

by the internal diameter of the cover, as the runners are

usually affixed about the shaft side to side, and the run-

ner/shaft assembly must slide within the cover. The run-

ners will often be narrower than this, however, to allow

25 the expanded prosthesis to anchor to the inner surface

of the body lumen between the runners. The runners are

each preferably in the range from .01 to .09 inch wide,

and preferably between .001 and .02 inch thick.

In another aspect, the present invention provides an

30 improved orientation indicating catheter for placement of

an asymmetric prosthesis in a branching body lumen.

The present orientation indicating catheter comprises an

asymmetric marker on the shaft structure which indi-

cates the rotational orientation of the prosthesis. Prefer-

35 ably, a branch axial marker on the shaft structure indi-

cates the axial location of the prosthesis branch. These

rotational and axial indicators prevent placement of the

prosthesis branch below the branching body lumen, or

crossing of the branches, either of which could reduce

40 or even completely block flow through one branch of the

body lumen system. Similarly, a position indicating cath-

eter having a safety marker prevents placement of a sec-

ondary prosthesis too far within the branch of a branch-

ing prosthesis, reducing the danger of the tubular pros-

45 thesis folding over and blocking flow.

In yet another aspect, the present invention provides

an expandable tip catheter for placement of a radially

compressible prosthesis having a large diameter portion

and a small diameter end, the catheter comprising an

50 elongate shaft structure having a prosthesis receptacle

near a distal end, and a cover slidably disposed about

the shaft structure. The cover comprises a body portion

and a resilient structure extending from the distal end of

the body portion. The catheter restrains the prosthesis

55 with the small diameter end of the prosthesis in the distal

resilient structure of the cover, allowing the distal end of

the catheter to have a smaller outer diameter than the

body. Advantageously, the distal end may be advanced

5
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into a smaller body lumen branch, and the expandable

structure can expand over a large diameter end of the

prosthesis as the cover is retracted into a larger body

lumen. The resilient structure preferably comprises a
braided mesh tubing with an elastomeric material dis-

posed over the mesh tubing. Alternatively, the resilient

structure comprises a sheath having one or more axial

slits, or a rolled or folded pliable material.

According to the method of the present invention, a
resilient, radially compressible prosthesis is loaded into

a tubular cover by compressing the prosthesis between

a plurality of elongate runners and sliding the runners

into the cover. The cover may then be positioned within

a body lumen so the prosthesis is at a target location,

and deployed by withdrawing the cover relative to the

prosthesis. Optionally, the runners exit the cover distally

with the prosthesis, and are retracted after the cover. Al-

ternatively, the runners and cover are retracted together.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view of a vascular graft which is ex-

emplary of the type of radially compressible tubular pros-

thesis which may be placed using the delivery catheter

of the present invention.

Fig. 2 is a perspective view of a first embodiment of

a delivery catheter of the present invention.

Figs. 3-5 illustrate the use of the delivery catheter of

Fig. 2 in placement of a radially compressible tubular

prosthesis in a body lumen.

Fig. 6 illustrates placement of a journal sleeve at the

proximal end of the delivery catheter of Fig. 2.

Figs. 7 and 8 illustrate a second embodiment of the

delivery catheter of the present invention, wherein a
prosthesis-containing sheath has a flared distal end
which is open and closed by a sliding sleeve.

Figs. 9 and 10 illustrate a third embodiment of the

delivery catheter of the present invention wherein the

prosthesis-containing sheath has a distal end which may
be flared by inflating a bladder surrounding its distal end.

Fig. 11 illustrates a delivery catheter sheath having

a flared end including heat memory alloy components.

Fig. 12 illustrates a delivery catheter sheath having

a flared distal end which is contained within an axially

translatable cap.

Fig. 13-15 illustrate a fourth embodiment of the de-

livery catheter of the present invention having an ever-

sible membrane for containing a radially compressible

prosthesis.

Fig. 1 6 illustrates a delivery catheter wherein a pros-

thesis is anchored to the catheter shaft by a pull wire.

Fig. 17 and 18 illustrate a prosthesis cartridge con-

structed in accordance with the principles of the present

invention.

Figs. 19A-19D illustrate a delivery catheter con-

structed in accordance with the principles of the present

invention which includes a retaining structure comprising

a pair of axially spaced-apart anchor members to hold

the prosthesis in place as the sheath is drawn proximally

from over the prosthesis.

Figs. 20A and 20B illustrate an alternative embodi-

ment of a prosthesis cover structure according to the

5 present invention, where the cover is a cylinder having

a weakened line disposed helically over its surface. The

cover may be opened by pulling proximally on one end

of the cylinder.

Figs. 21 A and 21 B illustrate another alternative em-
10 bodiment of the prosthesis cover structure of the present

invention, where a tear wire is attached to a pull cord for

opening the cover along a helical line.

Figs. 22Aand 22B illustrate yetanother embodiment
ofthe prosthesis cover structure of the present invention,

15 where a single axial line or perforation may be opened
using a zipper structure.

Figs. 23A and 23B illustrate still another embodi-

ment of the prosthesis cover structure of the present in-

vention, where a plurality of radially flared resilient ele-

20 ments are held by an end cap and may be released by

distally advancing the end cap.

Figs. 24A-24C illustrate yet another alternative em-
bodiment of the prosthesis cover structure of the present

invention, where the cover is weakened along a circum-

25 ferential line, permitting the cover to be drawn axially

apart to release the prosthesis.

Fig. 25 is a perspective view of another embodiment
of a delivery catheter of the present invention, with a por-

tion of the distal end broken away to disclose a prosthe-

30 sis therein.

Figs. 26A and 26B illustrate the loading of a graft

into the delivery catheter of Fig. 25.

Figs. 27A-27C illustrate the use of the delivery cath-

eter of Fig. 25 in placement of a radially compressible

35 tubular prosthesis in a body lumen.

Fig. 28 illustrates a preferred method of use of the

delivery catheter of Fig. 25, in which tapered nosecone

is withdrawn independently of the runners.

Fig. 29A is an exploded cross-sectional view of the

40 delivery catheter of Fig. 25.

Fig. 29B is a cross-section of an alternative shaft

structure and cover having increased flexibility.

Fig. 30 illustrates a housing at the proximal end of

the delivery catheter of Fig. 25 which provides a mechan-
45 ical advantage for withdrawing the cover.

Fig. 31 illustrates a delivery catheter cover having a
rounded, atraumatic distal end with a split tip.

Fig. 32 illustrates a delivery catheter cover having

runners imbedded within the distal end.

so Figs. 33A and 33B are alternative cross-sectional

views of a delivery catheter cover.

Fig. 34 is a side view of a vascular graft which is

exemplary of the branching, resilient, radially compress-

ible prostheses which may be placed in branching body
55 lumens using the delivery catheters of the present inven-

tion.

Figs. 35Aand 35B illustrate a preferred embodiment
of an alternate embodiment of the present delivery cath-

6
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eter having a cover with an expandable distal structure

for use with the branched stent of Fig. 34.

Figs. 36A-36D are alternative cross-sectional views

of the expandable structure of the delivery catheter of

Figs. 35A and 35B.

Figs. 37A-37C illustrate the use of the alternative de-

livery catheter of Figs. 35A and 35B.

Fig. 38 illustrates a core shaft having a preferred

nosecone for use with the delivery catheters of the

present invention to rotationaily and axialfy position

branching prostheses within branching body lumens un-

der imaging.

Figs. 39A-39E illustrate the use of a delivery cathe-

ter having the preferred shaft of Fig. 38 in placement of

a branched prosthesis within a branching body lumen.

Fig. 40 is a cross-sectional view of a friction reducer

tube disposed over the cover of the present delivery

catheter.

Fig. 41 illustrates the use of the friction reducer tube

of Fig. 40 to reduce the friction of an introduction sheath

valve during placement prostheses with the present de-

livery catheters.

Fig. 42 illustrates a brace which restrains the pros-

thesis at a target location during deployment.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides apparatus and meth-

ods forthe endoluminal placement of intraluminal tubular

prostheses, particularly grafts, stents, and stent-grafts.

The tubular prostheses will be radially compressible, and

the apparatus of the present invention will maintain the

prostheses under compression in a narrow-diameter

configuration while they are being introduced to the body

lumen, typically during surgical cutdown or percutane-

ous introduction procedures. Placement of the tubular

prosthesis is effected by releasing the prosthesis at a tar-

get location in the lumen. Thus, it is necessary that the

prosthesis be sufficiently resilient and conformable to ex-

pand against the interior wall of the body lumen. It will

be appreciated, however, that the prosthesis may be

formed at least partly from malleable components which

permit it to be subsequently further expanded, typically

by inflation of a balloon within the lumen of the prosthe-

sis.

The present invention will find greatest use in the

percutaneous placement of endovascular prostheses for

the treatment of diseases of the vasculature, particularly

aneurysms, stenoses, and the like. Suitable prosthesis

structures which may be deployed by the delivery cath-

eter of the present invention are described in copending

application Serial No. 08/255,681 , the full disclosure of

which is incorporated herein by reference. One exem-

plary graft structure 10 is illustrated in Fig. 1 . Prosthesis

10 comprises a perforate tubular frame 12 which in-

cludes a plurality of independent (non-connected) band

members 14 separated from each other by small gaps

16. The tubular frame 12 is covered by an inner liner 18

and an outer liner 20, where the inner and outer liners

together encase or sandwich the otherwise free-floating

band members 14 therebetween, in order to secure the

band members 14 in place, and secure the liners to the

s perforate tubular frame 1 2, the inner and outer liners are

joined together along circumferential lines 22, preferably

aligned with the gaps 16 between adjacent band mem-
bers 14. The liners may be joined together by stitching,

heat welding, ultrasonic welding, or the like. In the ex-

10 emplary embodiment, the liners 18 and 20 are formed

from polymeric sheet material and are joined together by

ultrasonic welding. The band members 14 at each end

of the graft 10 will have to be further secured to the liners

18 and 20. For example, they could be stitched, welded,

is or otherwise joined to the liners to hold them in place.

The graft 1 0 will typically have a length in the range from

about 50 mm to 500 mm, preferably from 80 mm to 200

mm, with a relaxed diameter in the range from about 4

mm to 45 mm, preferably being in the range from 5 mm
20 to 25 mm. Such graft structures will be particularly suit-

able for treating vascular aneurysms.

In connection with the present invention, it has been

discovered that the placement of resilient tubular pros-

theses imposes serious demands on delivery and imag-

es ing systems, as well as on the attending medical person-

nel. Prostheses are highly compressed within delivery

catheters to allow maneuvering within the vascular sys-

tem. The compressive forces have been found to lead to

excessive friction during deployment from the delivery

30 catheters of the prior art. Additionally, visualization of

compressed prostheses within the catheter is problem-

atic, particularly when a branched prosthesis must be

placed in a branching body lumen in a specific orienta-

tion.

35 The delivery catheters of the present invention facil-

itate deployment of resilient prostheses by reducing fric-

tion at the prosthesis/catheter interface, avoiding any in-

crease in the stiffness of the delivery system where it is

not needed. In connection with the present invention, it

40 has been discovered that compressed prostheses are

largely rigid, which reduces any penalty in flexibility im-

posed by including hard, friction-reducing runners

around the prosthesis.

Referring now to Fig. 2, a delivery catheter 30 con-

45 structed in accordance with the principles of the present

invention comprises a sheath 32 and a shaft or inner

catheter body 34. The sheath 32 has a central lumen 36

extending from a distal end 38 to a proximal handle 40.

The shaft 34 is slidably received within the central lumen

so 36 and has a distal end 42 and a proximal handle 44.

The delivery catheter 30 receives a radially compressible

tubular prosthesis P within the annular space between

the outer surface of the shaft 34 and the inner surface of

the lumen through sheath 32. For convenience, the pros-

es thesis is illustrated as a radially compressed helical coil

which expands by unwinding and axial shortening. The

delivery catheters of the present invention, however, can

be used with virtually any radially compressible prosthe-

7
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sis, as described above.

The delivery catheter of Fig. 2 relies on maintaining

the radial compression of prosthesis P by direct pressure

from the sheath 32. As will be discussed in detail below
in connection with Figs. 1 9-24, prosthesis compression 5

may also be provided by a retaining structure which com-
prises a cover, spaced-apart anchors, or other equiva-

lent structure which maintains the radial compression re-

gardless of the position of the sheath. Using such em-
bodiments, the prosthesis may be uncovered and locat- to

ed prior to release and radial expansion.

In the embodiment of Fig. 2, the prosthesis P is an-

chored by a plurality of penetrating stay members 50
which are circumferentially spaced-apart over the exte-

rior of the shaft 34. The stays 50 will be spaced proxi- ts

mally from the distal end 42 of the shaft 34 by a distance

which corresponds generally to that of the tubular pros-

thesis P which is to be maintained on the delivery cath-

eter 30. The penetrating stays 50 will extend radially out-

ward by a distance sufficient to engage the interior sur- 20

face of the lumen 36 of the sheath 32. In that way, the

penetrating stays 50 will be able to anchor the proximal

end of the tubular prothesis P when it is held within the

catheter. In particular, the prosthesis P will remain an-

chored as the sheath 32 is drawn proximally over the 2s

shaft 34, as illustrated in Figs. 3-5.

When initially placed in a body lumen L, the sheath

32 covers substantially the entire length of the prosthesis

P with the penetrating stays 50 engaging the proximal

portion of the prosthesis P, as illustrated in Fig. 3. The 30

sheath 32 may then be retracted proximally, partially re-

leasing the prosthesis P, as illustrated in Fig. 4. The prox-

imal portion of the prosthesis P, however, remains an-

chored by the penetrating stays 50 so long as the sheath

32 remains positioned over the stays. Once the sheath 35

32 is withdrawn to the proximal side of the stays 50, as
illustrated in Fig. 5, the prosthesis P will be fully released.

Prior to such full release, however, the prosthesis P may
be recaptured by advancing the sheath 32 in the distal

direction relative to the shaft 32. 40

Referring now to Fig. 6, the catheter 30 may option-

ally be provided with a journal sleeve 60 near its proximal

end. The journal sleeve 60 is preferably mechanically

coupled to the shaft 34 by pins 62 which extend through

sbts 64 in the sheath 32. The journal sleeve 60 can be 4S

anchored within an introducer sleeve or other access de-

vice (not illustrated) which is used to provide percutane-

ous access to the body lumen being treated. After initial

positioning of the catheter 30 so that the prosthesis P is

located at the target location within the lumen, it is desir- so

able to firmly anchor the catheter 30 within the introducer

sheath. Journal sleeve 60 permits anchoring of the shaft

34 (which carries the prosthesis P) while allowing the

sheath 34 to remain freely translatable relative to both

the journal sleeve 60 and the catheter shaft 34. ss

The dimensions and materials of construction of the

catheter 30 may vary widely, depending on the intended

usage. Forvascular applications, the catheter 30 will typ-

ically have a length in the range from about 50 cm to 250
cm, preferably from 100 cm to 200 cm, and a diameter

in the length from about 3 mm to 8 mm, preferably from

4 mm to 6 mm. These dimensions generally refer to the

exterior dimensions of the sheath 32. It will be appreci-

ated that the catheter shaft 34 will have a smaller diam-

eter, typically in the range from 1 mm to 5 mm, preferably

from about 1 .5 mm to 3mm, allowinga sufficient annular

space therebetween to receive the prosthesis P. The
catheter shaft will also have a length which is greater

than that of the sheath, usually by a distance sufficient

to accommodate the length of the prosthesis which is be-

ing delivered, typically from 5 cm to 25 cm, preferably

from 7.5 cm to 15 cm. The catheters will generally be

constructed of natural or synthetic polymers, such as sil-

icone rubber, natural rubber, polyvinylchloride, poly-

urethanes, polyesters, polyethylenes, poly-

tetrafluoro-ethylenes (PTFE), and the like. Optionally,

the catheter sheath and shaft may be formed as com-
posites having a reinforcement layer incorporated within

a polymeric body in order to enhance strength, flexibility,

and toughness. Suitable reinforcement layers include

wire mesh layers, braided layers, and the like. The tubu-

lar members of the present invention may be formed by

extrusion, with the tubular diameter modified by heat ex-

pansion and/or shrinkage using conventional tech-

niques. Particular techniques for forming vascular and
other catheters suitable for use in the present invention

are well described in the patent and medical literature.

Referring now to Figs. 7 and 8, a catheter 70 having

a sheath 72 with a deployable flared end will be de-

scribed. Catheter 70 comprises the sheath 72, a shaft

74, and a prosthesis-containment sheath 76. A prosthe-

sis P is contained between the sheath 72 and the shaft

74, generally as described above in connection with de-

livery catheter 30. The sheath 72, however, differs from

that of sheath 32 in that sheath 72 has an outwardly

flared distal end 78, as best seen in Fig. 8. The distal end

78 is a resilient structure, typically formed from the ma-
terial of the sheath 72 itself and optionally having a plu-

rality of elastic reinforcement elements imbedded therein

to maintain the desired flared configuration, and may be

radially collapsed by the containment sleeve 76, as illus-

trated in Fig. 7. The flared distal end of the sheath 72 is

advantageous since it facilitates the release and recap-

ture of the prosthesis P.

The flared distal end 78 of catheter 70 will usually

have a fully expanded diameter d at the distal tip 79 in

the range from 10 mm to 30 mm, preferably from 15 mm
to 25 mm. The distal tip of diameter d will usually be
greater than the diameter of the proximal portions of the

sheath 72 by a factor from 2 to 8, preferably being from

2.5 to 5. The flare will extend over an axial length € in the

range from 3 mm to 30 mm, preferably from 5 mm to 20

mm. These flare dimensions will generally be applicable

to all embodiments of the present invention where the

prosthesis-containment sheath has a flared distal end.

Referring nowto Figs. 9 and 1 0, a catheter 80 having

8
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an alternate mechanism for deploying a flared distal tip

on a prosthesis-containing sheath structure 82 will be de-

scribed. Catheter 80 comprises the sheath 82 having an

annular lumen 84 extending from its proximal end 86 to

its distal end 88. The annular lumen 84 is connected to s

an inflation port 90 on a proximal housing 92. A shaft 94

extends through the central lumen of the sheath 82 and

carries a prosthesis P near it distal end.

The distal end of the sheath 82 is formed so that,

upon inflation with a non-compressible fluid medium, typ-

ically saline or other biocompatible liquid, it assumes the

outwardly flared configuration shown in Fig. 10. The

structure is sufficiently elastic, however, so that removal

of the inflation medium will permit the sheath 82 to

resume its non-flared configuration, as illustrated in Fig.

9. Flaring of the distal end of sheath 82 facilitates both

release and recapture of the prosthesis P, as with the

embodiment of Figs. 7 and 8.

Conveniently, distal end 88 of sheath structure 82

comprises an outer layer 91 secured to an inner layer 92

at their respective distal ends. Both layers 91 and 92 will

be composed of a flexible, non-distendable material,

such as polyethylene terephthalate (PET), or other rein-

forced material, such as an elastomeric or non-elasto-

meric material reinforced with a non-distendable mesh.

The outer layer will be shorterthan the inner layer so that

when the annular lumen 84 Is inflated, the distal end will

flare as shown in Fig. 10.

Alternative mechanisms for providing a deployable

flare at the distal end of a prosthesis-containment sheath

are illustrated in Figs. 11 and 12. The sheath 100 in Fig.

11 has a distal end 102 including a plurality of axial ly

aligned, circumferentially spaced-apart heat memory al-

loy members 104. The heat memory alloys are selected

to have a temperature transition where they assume a

straight, non-flared configuration at lowtemperatures, as

illustrated in full line in Fig. 11 . At body temperature, how-

ever, the members 1 04 assume an outwardly flared con-

figuration, as illustrated in broken line. Suitable alloy ma-

terials include nickel-titanium alloys which may be heat

treated to provide the proper shapes and transition tem-

perature.

Sheath 110 illustrated in Fig. 1 2 has a resilient, flared

structure formed at its distal end 112. The flared distal

end 112 is contained in an end cap 114 which may be

distalty advanced (as illustrated in broken line) by shaft

116 to release the flared end structure, as shown in bro-

ken line.

An alternative structure for facilitating the release

and recapture of a prosthesis from a delivery catheter

according to the present invention is illustrated in Figs.

13-15. Acatheter 1 1 8 is provided with a sheath 1 20, shaft

122, and penetrating stays 124, generally as described

above in connection with Figs. 2-5.

The catheter 1 18 further includes an eversible mem-
brane 1 26 which is attached at a first end 1 28 to the shaft

1 22, and at a second end 1 30 to the inner surface of the

lumen of sheath 120. The membrane 126 will be formed

from a flexible, preferably lubricous and non-compliant

material, such as PET, nylon, polytetrafluoroethylene

(PTFE), any of which may be wire- or braid-reinforced,

or the like. The prosthesis P will remain anchored on the

shaft 122 by penetrating stays 124 as the sheath 120 is

partially withdrawn (Fig. 14). The membrane 126 folds

back over itself (everts) as the sheath 120 is retracted

so that there are always two layers of the membrane be-

tween the distal end of the sheath and the prosthesis P.

The double-layer structure of the membrane provides a

high degree of lubricity during the release and optional

recapture of the prosthesis P. Complete release of the

prosthesis P is illustrated in Fig. 15.

Referring now to Fig. 16, an alternative prosthesis

anchoring mechanism for a delivery catheter 1 50 is illus-

trated. The delivery catheter 150 includes a shaft 152

having a pair of axially spaced-apart stays 1 54 and 1 56.

A pull wire 1 58 extends through a lumen 1 60 of shaft 1 52

and through protrusions on each of the stays 154 and

1 56. A guide wire GW is received through the shaft 1 52

in order to permit vascular introduction by conventional

techniques. The radially compressible prosthesis P

(such as graft 10) is placed over the distal end of the

shaft extension 162, generally being aligned between

the stays 154 and 156. The pull wire 158 is then ad-

vanced through the stays 1 54 and 1 56 so that it passes

through each end of the prosthesis P to maintain the

prosthesis P in place until the pull wire is withdrawn.

While the pull wire 158 remains in place, a prosthe-

sis-containment sheath 164 may be axially advanced

over the graft to radially compress the graft into its de-

sired low profile diameter. The sheath 164 includes a

flared (i.e., outwardly tapered) distal end 1 66 to facilitate

advancing the sheath over the prosthesis P, in particular

so that the prosthesis P may be recaptured when it is

partially deployed. The outward flare may be permanent-

ly fixed in the body of the sheath, but will preferably be

selectively deployable between the flared and non-flared

configuration, using any of the mechanisms described

above.

Referring now to Fig. 17 and 18, a prosthesis car-

tridge 200 comprises a sheath extension 202 having a

distal end 204 and a proximal end 206. A prosthesis P

is contained within the sheath extension 202 and is

mounted over a shaft extension 208. Typically, the pros-

thesis P will be anchored on the shaft extension 208 us-

ing penetrating stays (not shown) as described in con-

nection with previous embodiments. The prosthesis car-

tridge 200 is releasabty connectable to a delivery cathe-

ter 221 including a sheath 220 (or other elongate mem-
ber) and shaft 222. The proximal end of the cartridge

sheath 202 is configured to couple to the distal end of

the catheter sheath 220. Similarly, the proximal end of

the shaft extension 208 is configured to selectively cou-

ple to the distal end of the shaft 222. In this way, a user

can select the diameter, length, and other characteristics

of the prosthesis P which are desired to be employed in

a procedure. The prosthesis, which is part of cartridge
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200 (and preferably packaged in a separate, sterile

pouch or other container) may then be attached to the

distal end of the delivery catheter (which is separately

packaged in a sterile pouch or other container) having

the necessary sheath and shaft connections. The cath-

eter sheath 220 could alternatively comprise other,

non-tubular structures (elongate members). It is neces-
sary only that the elongate member be able to connect
to the sheath extension 202 to be proximally retracted

over the prothesis P (and optionally distally advanced)
to effect release and recapture of the prosthesis as de-

scribed above.

Referring nowto Figs. 1 9A-1 9D, yet anotherembod-
iment of a delivery catheter 250 constructed in accord-

ance with the principles of the present invention will be
described. Delivery catheter 250 includes flexible shaft

252 having a central lumen for receiving a guide wire

GW. Asheath 254 is slidably mounted overthe shaft 252,

generally as described for previous embodiments. The
catheter 250 differs from previous embodiments, howev-
er, in the nature of the retaining structure which is used
for holding prosthesis P in place on the flexible shaft 252.

The retaining structure comprises a distal anchor 256,

which is conveniently in the form of a cap or other recep-

tacle which can receive a distal end of the prosthesis

therein. A proximal anchor 258 is mounted at the distal

end of a sliding tube 260. As shown in Fig. 19A, when
the catheter 250 is introduced to blood vessel BV the

prosthesis P will be maintained in its collapsed configu-

ration by the anchors 256 and 258, and sheath 254 will

cover the prothesis and anchor structures.

After introduction, as illustrated in Fig. 19B, the

sheath 254 may be withdrawn proximally to expose the

prosthesis P. The prosthesis P, however, remains radially

compressed by the anchors 256 and 258, even after the

sheath 254has been fully withdrawn, as illustrated in Fig.

19C. The prosthesis P may be fully released by moving
the anchors 256 and 218 axially apart in order to free the

compressed ends of the prosthesis, as illustrated in Fig.

19D. Prior to release, however, the exposed prostheses

can be carefully positioned without interference from the

sheath 254. It is a particular advantage that such partial

release is achieved while still being able to readily recap-

ture the prosthesis by readvancing the sheath 254.

Referring now to Figs. 20A and 20B, an alternative

embodiment of a prostheses retaining structure is illus-

trated. The retaining structure 280 will fully cover and
compress the prostheses P, and will usually be main-

tained within an outer sheath (not shown) equivalent to

the delivery catheter sheaths illustrated previously. The
retaining structure 280 will maintain radial compression
of the prosthesis P within the sheath, regardless of

whether the sheath covers the prosthesis. Thus, the

sheath of the associated delivery catheter may be prox-

imally retracted prior to release of the prostheses P.

The retaining structure 280 comprises a helically

wound ribbon, which may optionally be formed as a hel-

ically scored or perforated cylinder. The retaining struc-

ture 280 is mounted on flexible shaft 284, typically with

a distal portion of the helical ribbon attached directly or

indirectly to the shaft. A pull cord 286 is attached to a
proximal end of the helicaJ ribbon, and the ribbon may

5 be withdrawn from overthe prostheses P by pulling prox-

imally on the pull cord, as illustrated in Fig. 20b.

Yet another embodiment of the retaining structure of

the present invention is illustrated in Figs. 21 A and 21 B.

Retaining structure 300 comprises a cylinder 302 having
io a helical wire 304 disposed over its surface. The wire

304, when pulled from the cylinder 302, separates adja-

cent sections of the cylinder so that they break apart, as
illustrated in Fig. 21 B. Thus, by attaching a first pull cord

306 to a proximal end of the wire 304, the wire can be
75 withdrawn by pulling proximally. The resulting ribbon-like

section of the cylinder may then be withdrawn by pulling

on a second pull cord 308, also as shown in Fig. 21 B.

The prostheses P is thus released from the catheter.

Yet another embodiment of a retaining structure of

20 the present invention is illustrated in Figs. 22A and 22B
structure 320 isa cylinder 322 having a single axial break
line 324 formed along one side thereof. It will be appre-

ciated that more than one axial break line may be pro-

vided. Only one is illustrated, however, for convenience.

& A slide structure 326 secured to the cylinder 322 at a
distal end of the break line 324. A pull cord 328 is at-

tached to the slide structure 326. Optionally, multiple pull

cords could be used. The slide structure 326 may be
drawn proximally in order to open the breakline 324 in

30 the manner of a zipper, as illustrated in Fig. 22B. In this

way, the prostheses P can be released.

Yet another embodiment of the retaining structure

340 of the present invention is illustrated in Figs. 23A
and 23B. The retaining structure 340 comprises a plural-

& rty of individual resilient axial members 342 which are

captured at their distal ends andan anchor 344. The axial

elements 342 are permanently mounted in a ring struc-

ture 346 at the distal end of catheter body 348. The an-

chor 344 is secured at the distal end of a flexible shaft

40 350. The axial elements 342 are spring-loaded so that

when the anchor 344 is moved distally by advancing the

shaft 350, as illustrated in Fig. 23b, the individual ele-

ments will spring radially apart at the distal end. In this

way, prosthesis. P can be released from the retaining
45 structure 340.

Referring now to Figs. 24A-24C, still another em-
bodiment of retaining structure constructed in accord-

ance with the principles of the present invention will be
described. The retaining structure 360 is a thin-walled

so tube 362 which is weakened along a circumferential (or

helical) line 364, typically in the form of a score, perfora-

tion, or the like. Flexible shaft 366 secured to a distal end
cap 368. By axially advancing the shaft 366, the end cap
368 and the attached portion of cylinder 362 between the

55 score line 364 and the end cap will be pulled away from
the remainder of the cylinder 362. In this way, the pros-

theses P can be released. The prostheses is first partially

released, as shown in Fig. 24B. After the cylinder seg-
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ments are fully spaced-apart, the prostheses is fully re-

leased, as shown in Fig. 24C.

Referring now to Fig. 25, a delivery catheter 430

constructed in accordance with the principles of the

present invention comprises a tubular cover 432 and a

shaft or inner catheter body 434. Cover 432 has a central

lumen 36 extending from a proximal end 438 to a distal

end 440. Shaft 434 is slidabty received within central lu-

men 436 and extends proximally of the proximal end of

cover 432.

A plurality of runners 442 extend distally from the

distal end of shaft 434. Runners 442 line a portion of the

inner surface of lumen 436, and slide within the lumen

with the shaft. Shaft 434 also has a lumen, in which a

core shaft 444 is siidably disposed. Core shaft 444 has

a guidewire lumen 446. Guidewire lumen 446 optionally

receives an intravascular ultrasound (tVUS) imaging

transducer to provide imaging prior to, during, and after

deployment of the prosthesis. Nosecone 448 is fixed to

the distal end of core shaft 444, and can therefore move

independently of runners 442.

Graft 1 0 is radially compressed and restrained within

the plurality of runners 442. In turn, cover 432 prevents

runners 442 from expanding outward. Runners 442 are

formed from a hard material, and distribute the expan-

sion load of prosthesis 10 over the inner surface of cen-

tral lumen 436. Advantageously, the prosthesis does not

invaginate in the lumen surface, and is thus able to slide

relative to the cover in response to a moderate distal

force. In the embodiment of Fig. 25, the deploying force

is applied proximally against a slider 450 attached to dis-

tal end 438 of cover 430, while holding a lure fitting 452

at the distal end of shaft 434. An additional lure adaptor

454 at the distal end of core shaft 444 allows the core

shaft to be releasably secured to the shaft 434.

Referring now to Figs. 26A and 26B, loading of graft

10 into the distal end 440 of cover 432 is facilitated by

use of runners 442. As seen in Fig. 26A, extending shaft

434 distally allows runners 442 to flex outward. Graft 10

may be inserted between the outward flexed runners and

compressed by withdrawing runners 442 and shaft 434

into the distal end 440 of cover 432. Nosecone 448 and

core shaft 444 are shown attached to shaft 434 during

loading. Alternatively, nosecone 448 may be attached to

core shaft 444 after the loading of prosthesis 10. Pros-

thesis 10 is preferably formed of a heat memory alloy

such as Nitinol™. To maintain graft 10 in a compressed

state, the loading process may be done in a cold envi-

ronment, such as that provided by a cold spray, liquid

nitrogen, freon, an air vortex, or the like.

Referring now to Figs. 27A through 28, placement

of graft 10 within a body lumen 460 begins by positioning

catheter 430 at a target location. As illustrated in Fig.

27B, graft 10 is allowed to expand by retracting cover

432, proximally relative to shaft 434 and core shaft 444.

As cover 432 is retracted, runners 442 maintain their ax-

ial position, sliding over the inner surface of cover 432.

Once the graft 10 has fully expanded within body lumen

60, it is axially anchored by expansion against the lumen

wall between the runners. Runners 442 may then be re-

tracted proximally with shaft 434 and nosecone 448. The

hard surface of runner442 allows shaft 434to be retract-

s ed smoothly, with little possibility of dragging graft 10

from the target position. The graft cover may also help

to reduce friction during deployment. The possibility of

dragging the prosthesis is further reduced by retracting

nosecone 448 having a tapered proximal end 464 inde-

io pendently from shaft 434, as illustrated in Fig. 28. Finally,

it will be recognized that the runners may also be used

to help recapture a partially-deployed prosthesis.

Referring now to Fig. 29A, the elements of the

present graft delivery catheter will be described. Cover

75 432 must be strong enough to withstand the expansion

force of graft 10 but must also be flexible to allow intra-

vascular atraumatic maneuvering. Cover 432 is option-

ally formed of a high strength thermoplastic elastomer

such as Hytrel™. Alternatively, cover 432 may be formed

20 of a braided reinforced polymer tubing or a linear rein-

forced tubing, preferably having fibers of a polyamide

such as Kevlar™, Spectra™, or the like, embedded to

improve tensile strength without reducing flexibility. Pref-

erably, the cover includes a radiopaque contrast medi-

cs urn, e.g., a B4S04 compound, to allow imaging of the

placement of catheter 30 within a body lumen using fluor-

oscopy. Shaft 434 is preferably formed from PEEK, ny-

lon, or the like, to provide column strength. Runners 442

are formed from a high strength biocompatible alloy such

30 as Nitinol™, stainless steel, or a stainless steel alloy.

Runners 442 are bonded to shaft 434, preferably being

laminated between inner and outer layers of nylon, a

thermoplastic elastomer such as Pebax™, or the like.

Core shaft 444 is also preferably formed of PEEK.

35 Nosecone 448 may be formed of stainless steel and

bonded to the distal end of core shaft 444, or may alter-

natively be molded of a radiopaque plastic comprising

Pebax™, nylon, Hytrel™, orthe like. In any case, nosec-

one 448 preferably includes a radiopaque element,

40 thereby giving an indication of the location of the distal

end of graft 1 0 during fiuoroscopically guided prostheses

placement. In certain embodiments, core shaft 444 fur-

ther supports marker ring 466, comprising platinum, bar-

ium, or the like, to provide a sharp radiographic contrast.

45 Optionally, distal force imparting structii re 467 is bonded

to the core shaft to slide the compressed prosthesis dis-

tally over the runners.

Referring now to Fig. 29B, a helical shaft 435 pro-

vides high column strength with flexibility. Helical shaft

50 435 is formed from a tightly wound, high strength metal,

preferably comprising stainless steel. Helical shaft 435

is easily welded to runners 442, where similar metals are

used for both. Alternatively, runners 442 are laminated

to helical shaft 435 with inner and/or outer layers of ny-

55 ion, Pebax™, or the like. A composite cover 433 com-

prising polymer reinforced tubing having braided or line-

ar Kevlar™, Spectra™, orthe like, further enhances flex-

ibility of the delivery catheter of the present invention.

11
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The delivery catheters of the present invention sig-

nificantly reduce the force required to deploy a prosthe-
sis within a body lumen. Nonetheless, the force required
to withdraw cover 432 remains substantial. For this rea-
son, the present invention further providesa housing 470
to be attached tothe distal end of shaft 434, as illustrated

in Fig. 30. Rotation of handle 472 moves follower 474
along a linear screw. Slider 450 at the proximal end of

cover 432 is driven axially by the movement of the fol-

lower. Cover 432 is withdrawn during deployment of the
prosthesis by articulating handle 472 so as to drive slider

450 toward lure fitting 452 at the proximal end of shaft

434. The force required to withdraw the cover is typically

on the order of 1 to 10 lbs., requiring only a modest me-
chanical advantage. However, a mechanical advantage
ratio in the range from 5 to 50, as measured from the
linear travel at the outside edge of handle 472 to the lin-

ear motion of follower 474, provides a highly controlled

deployment. Clearly, a wide variety of mechanical link-

ages are available to provide such a mechanical advan-
tage. It is particularly advantageous to provide a mech-
anism which allows manipulation with a single hand, as
this leaves the alternate hand free to manipulate the cov-
er relative to an introducer sheath. It will be noted that

housing 470 allows independent manipulation of core
shaft 444 using second lure fitting 454, as described
above regarding Fig. 28.

Referring now to Fig. 31, an alternative cover 480
provides an atraumatic distal end 482 with a reduced
nosecone diameter, or, alternatively, no nosecone at the
distal end of core shaft 444. Atraumatic cover 480 in-

cludes a series of spirts 484 to allow the distal tip of at-

raumatic cover 480 to open during deployment of pros-
thesis 10.

Referring now to Fig. 32, a further alternative cover
490, having runners 492 embedded within the central lu-

men, will also reduce the friction between the prosthesis
and the cover during prosthesis placement. Further-
more, such a structure eliminates any danger of injury to
the walls of a body lumen during placement by a distal

movement of the exposed runners. Moreover, similar

safety advantages could be obtained using the delivery

catheter of Fig. 25 by retaining runners 442 within cover
432 during deployment of prosthesis 10. An alternative

structure must be provided to apply a distal force against
the prosthesis, such as distal force imparting structure

467 shown in Fig. 29A.

Referring now to Figs. 33A and 33B, alternative

cross sections 494and496 fora delivery cathetertubular
cover or shaft will provide additional column strength
without a corresponding increase in stiffness. Slots 495
are also suitable for receiving the runners, thus forming
the runner/shaft laminated bond. Indents 497 may re-

ceive the free distal portion of the runners to prevent ro-

tation of the prosthesis relative to the cover during ma-
nipulation of the shaft. Alternatively, a smooth cover lu-

men facilitates such rotation by allowing the runners to
slidingly rotate against the cover lumen surface.

A second exemplary prosthesis structure for use
with the delivery catheter of the present invention is il-

lustrated in Fig. 34. Branched prostheses are particularly

useful for treatment of aortic aneurysms which extend
s distally into one or both of the iliac arteries. Branched

prosthesis 499 has a large diameter end 502 and a small
diameter end 504. Large diameter end 502 features a
large common lumen which is in open communication
with a first branched lumen of small diameter end 504.

10 The common lumen is further opened at branch 506.
Branched prosthesis 499 is formed of a perforate tubular

member similar to that used in graft 10. Branched pros-

thesis 499 may further include a liner as described
above.

?5 Treatment of aortic aneurysms - using branched
prostheses requires placement ofthe large diameter end
in the abdominal aorta with the small diameter end ex-
tending into one of the iliac arteries. It will further be un-

derstood that it is critical to have branch 506 correctly

20 oriented toward the alternate iliac artery for proper blood
flow, whetheror not a second tubular prosthesis is placed
within open branch 506 and extending into the alternate

iliac artery.

Referring now to Figs. 35A and 35B, an exemplary
25 expandable cover 51 0 for use with branched prostheses

comprises a tube 512 and a radially expandable cylindri-

cal structure 514 extending distally of body 512. Body
512 is formed of material similar to that used for cover
432 of the delivery catheter of Fig. 25. Expandable struc-

30 ture 514 comprises a braided, expandable mesh tubing

which is bonded or molded into body 512. The mesh tub-

ing expands easily, and is unable to radially compress
branched prosthesis 499, but provides a relatively hard
surface against which the branched prosthesis can slide

35 distally during deployment. An elastomeric outer coating
518 is disposed over the entire length of the expandable
structure and extends proximally onto body 512. Elasto-

meric outer coating 518 comprises rubber, latex, sili-

cone, polyurethane, a thermoplastic urethane such as
40 C-FLEX™, or the like, and provides the radial compres-

sion which retains branched prosthesis 499 in a radially

compressed mode.

Referring now to Figs. 36A to 36D, alternative radi-

ally expandable cylindrical structures may be formed by
45 extending the material of body 512, and cutting a series

of slits to form extended arms 522. Alternatively, a single

slit may be used, and the material may be overlapped to

form a coil 524. In a still further alternative, a pliable ma-
terial may be folded over and extended from body 512

so to form a folded tube 526. Folded tube 526 is preferably

formed of a low friction, pliable material such as PTFE
orthe like. In yet another alternative structure, open tube
528 having a biasing means 530, such as a metal spring
or an elastomeric material, may also be used.

55 The use of expandable cover 51 0 will be described
with reference to Figs. 37A-37C. Branched prosthesis

499 is loaded into expandable cover 510 with a small
diameterend504 of the prosthesis in a distal expandable

12
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structure 51 4. Large diameterend 502 of branched pros-

thesis499 is radially restrained within body 51 2. "Rie out-

er diameter of expandable structure 51 4 is less than the

outer diameter of body 51 2, advantageously allowing the

distal end of the delivery catheter to extend into the nar-

rower iliac arteries during a superior placement. Once

branched prosthesis 499 is properly positioned at a tar-

get location within the delivery catheter, expandable cov-

er 510 may be withdrawn proximally. Expandable struc-

ture 514 expands to pass the large diameter end 502 as

branch 506 slides distally. Large diameter end 502 and

body 512 which restrains it need never enter the restrict-

ed diameter of the iliac artery. Similarly, the present ex-

pandable cover will be useful for placement of any pros-

thesis having a distal taper, a smaller distal segment, or

a small end and a large portion along its axis.

Referring now to Fig. 38, an alternative embodiment

of the present nosecone which is particularly useful dur-

ing the orientation of branched prostheses will be de-

scribed. An orientation indicating nosecone 530 com-

prises a stainless steel or other radiopaque structure

having a hole 532 and a notch 534. When imaged using

fluoroscopy, radiography, or other known imaging mo-

dalities, orientation indicating nosecone 530 will provide

an indication of. the orientation of a branch prior to de-

ployment of a branched prosthesis or stent. For an infe-

rior approach, marker ring 466 is a predetermined dis-

tance proximal of a branch 505 when a branched graft

500 is radially restrained within the delivery catheter (see

Fig. 39A), thus providing a branch axial marker. A wide

variety of asymmetric radiopaque shapes and markers

may be used with the present delivery catheter system.

It is preferable that the markers remain in position during

withdrawal of the cover, and that the markers clearly

identify the orientation of a branch 505. It is particularly

prefered that marker ring 466 be toward the branch end

from branch 505 to ensurethe branch is not placed within

the iliac artery.

Referring now to Fig. 39A-39E, a method of place-

ment of a branched prosthesis within an aortic aneurysm

using the present delivery catheter having the orientation

indicating nosecone 530 will be described in regard to

branched graft 500. An aneurysm 536 located on an ab-

dominal aorta 538 in close proximity to first and second

iliacs 540, 542 is to be treated with a branched graft. A
delivery catheter 544 having orientation indicating

nosecone 530 is positioned from an inferior placement

using a guidewire 548. The axial position and length of

branched graft 500 is indicated by orientation indicating

nosecone 530 and by a proximal indicator 550, which is

structural similar to marker ring 466, and is affixed to the

core shaft adjacent to the proximal end of the prosthesis.

Marker ring 466 is used as a branch axial indicator, and

is placed distally of the body lumen branch 552 to ensure

that the branch of branching graft 500 remains within the

common lumen. Furthermore, the rotational orientation

of the graft is indicated by notch 534 on orientation indi-

cating nosecone 530. The precise rotational orientation

may be determined by lining up hole 532 with the imaging

energy stream.

Once delivery catheter 544 is properly positioned,

the cover 432 may be withdrawn proximally as illustrated

s in Fig. 39B. Shaft 434 and core shaft 444 remain at the

target position, allowing runners 442 to slide over the

central lumen 436 of cover 432. Additionally, orientation

indicating nosecone 530 and marker ring 466 remain at

the axial location of branched graft 500. Alternatively, the

10 cover 432 may be withdrawn a little at a time, with the

runners withdrawn back simultaneously into the cover

each time. In a still further alternative, runners 442 may

remain within cover 432, and branched graft 500 may be

held at the target position by a force imparting structure

15 attached to core shaft 444. Such force imparting struc-

tures are more fully explained in application Serial No.

08/294,021, previously incorporated herein by refer-

ence. Optionally, core shaft444 remains stationary while

withdrawing the runners so that nosecone 530 does not

20 drag branched prosthesis 500 from the target location.

Referring now to Fig. 39D, once cover 430 has been

withdrawn, runners 442 and nosecone 530 are with-

drawn simultaneously through the branched prosthesis.

Core shaft 444 and shaft 434, which are optionally at-

25 tached, are withdrawn proximally. The runners may be

withdrawn into cover 432, or the delivery catheter may

move proximally with the runners remaining exposed. Al-

ternatively, core shaft 444 is withdrawn independently of

shaft 434 in a proximal direction. Very little force should

30 be required to withdraw nosecone 530 independently of

runners 442. Any friction which is encountered indicates

that nosecone 530 may be snagged, for example, on

branch 505. The surgeon may then manipulate core

shaft 444 free nosecone 530, and thereby overcome

35 such a snag. Once orientation indicating nosecone 530

is fully withdrawn shaft 434 and runners 442 may be re-

tracted, leaving branched graft 500 in place.

Referring nowto Fig. 39E, a secondary tubular pros-

thesis may be placed extending from branch 505 of

40 branched prosthesis 500 down to second iliac 542. De-

livery catheter 430 has a standard nosecone 448, as the

rotational orientation is not critical. The distal and proxi-

mal ends of the prosthesis may be indicated by the

nosecone 448 and proximal marker 550. ft is preferable

45 that marker ring 466 be located a predetermined dis-

tance proximal of the distal end of the prosthesis. Deliv-

ery catheter 30 is then axially positioned with marker ring

466 proximal of branch 505 to avoid the distal end of the

prosthesis extending too far into branched graft 500 and

50 folding over in the flow. Marker ring 466 thus acts as a

safety marker.

The apparatus and methods of the present invention

provide a cover which is smoothly retractable relative to

a radially compressed prosthesis. However, a substan-

55 tial amount of friction may be encountered at the intro-

duction sheath where the present catheters enter a pa-

tient's body. Introduction sheaths must provide hemos-

tasis for catheters and other invasive surgery apparatus

13
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of various sizes and configurations. Such introduction

sheaths typically include a resilient sealing valve which

radially compresses the outermost layer of the catheter.

Such introduction sheath valves impose a substantial

amount of friction against the catheter, making smooth s

withdrawal of a delivery catheter cover problematic.

Therefore, the present invention further provides a fric-

tion reducer tube, as illustrated in Fig. 40.

Friction reducer tube 570 comprises a distally ta-

pered tube 572, a proximal o-ring housing 574, and an 10

o-ring 576. Tapered tube 572 is slightly larger in diameter

than cover 430 of the present delivery catheter. O-ring

576 provides hemostasis against the cover, but slides

axially with little friction.

Referring now to Fig. 41 , an introduction sheath 580 is

is inserted into the patient body 582. Delivery catheter

430 is slidably disposed within friction reducer tube 570,

and is introduced into the patient body through introduc-

tion sheath 580. Friction reducer tube 570 may then be

slid distally so that the hemostasis valve rides over ta- 20

pered tube 572. To deploy a tubular prosthesis, one sur-

geon retracts cover 430, while another surgeon manip-

ulates the distal end of cover 432 relative to shaft 434,

ideally using a mechanical advantage mechanism as il-

lustrated in Fig. 30. 25

Referring now to Fig. 42, a brace 590 optionally re-

strains the prosthesis at the target location while with-

drawing cover 432. Brace 590 attaches to introducer

sheath 580 with a locking collar 592. Bar 594 extends

proximally from locking collar 592, and is slidably re- 30

ceived by tabs 596 protruding from housing 470. Once
the prosthesis is positioned at the target location, a set

screw 598 is tightened to fix the distance between the

proximal end of delivery catheter 430 and the introduc-

tion sheath 580. Rotating handle 472 thus withdraws 3S

cover 430 proximally through introduction sheath 580

without distally advancing shaft 434. This minimizes the

danger of advancing the exposed runners into the lumen

wall during deployment, and thus allows deployment by

a single surgeon. The compressive load on bar 594 is 40

reduced by friction reducer tube 570.

A wide variety of compression bearing structures

could be used in place of bar 590. A telescoping tube

with single or multiple overlapping sections having set

screws would eliminate the protruding proximal end of 4S

the rod. Such a telescoping tube may optionally surround

catheter 430 between the introducer sheath and hous-

ing. Alternatively, a flexible tube having good column

stiffness disposed over the delivery catheter also pre-

vents axial movement of the prosthesis, and avoids the so

long, rigid, and potentially cumbersome bar structure.

Such a flexible tube preferably comprises a tightlywound
coil analogous to flexible shaft 435 shown in Fig. 29B.

Although a fixed length tube may be used, telescoping

flexible overlapped tubes, usually having a locking de- ss

vice such as setscrews, compressive clamps, orthe like,

are preferred.

The brace of the present invention may advanta-
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geously be used with alternative proximal housings hav-

ing a wide variety of mechanisms for translating the cov-

er relative to the shaft, including electric motors, foot op-

erated linkages, and the like.

Although the foregoing invention has been de-

scribed in some detail byway of illustration and example,

for purposes of clarity and understanding, certain chang-

es and modifications will be obvious to those of skill in

the art. For example, the present cover and/or runners

may be attached to the elongate shaft as a cartridge,

preferably preloaded with a prosthesis. Thus, the scope
of the present invention is limited only by the appended
claims.

Thus the invention concerns a delivery catheter for

positioning radially compressible prostheses, said cath-

eter comprising:

an elongate flexible shaft having a proximal end
and a distal end;

a retaining structure near the distal end of the shaft

which releasably holds the axial position of the prosthe-

sis on the shaft; and

a sheath slidably received over the shaft to cover

the prosthesis while said prosthesis is axially held on the

shaft by the retaining structure.

The following embodiments may be provided:

The sheath may have a fixed or deployable outward-

ly flared distal end to facilitate proximal and distal motion

over the prosthesis, in which case means may be pro-

vided on the sheath for reconfiguring the distal end of the

sheath between a non-flared configuration and a flared

configuration, wherein the reconfiguring means may
comprise an inflatable bladder and means for inflating

said bladder, wherein the bladder flares the distal tip of

the sheath outward when inflected.

The distal end of the catheter may comprise a resil-

ient structure having a fixed flared configuration.

The delivery cathetermay comprise an axially trans-

latable cap structure which in a proximal position cap-

tures the distal end to hold it in a non-flared configuration.

The delivery catheter may comprise a containment

sleeve slidably disposed over the sheath, wherein the

sleeve closes the flared end when distally advanced and
allows the flared end to open when proximally retracted.

The flared distal end of the sheath may comprise a
structure including heat memory alloy components
which define the flared structure of the distal end of the

sheath at body temperatures and which assume a
non-flared configuration at below body temperature.

The delivery catheter may comprise a tubular mem-
brane attached at one end of the shaft at a location prox-

imal of the retaining structure and at the other end to the

inside of the sheath, wherein the membrane envelops

the prosthesis when said prosthesis is radially com-
pressed within the sheath and wherein the membrane
everts as the sheath is retracted proximally relative to

the shaft.

The retaining structure of the delivery catheter may
comprise at least one locking stay on the shaft, in which

14
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case the locking stay may be disposed over the outside

of the shaft and extends radially outward by a distance

sufficient to engage the interior surface of the sheath,

whereby the stay will extend through an aperture in the

prosthesis to hold the prosthesis axially in place relative

to the shaft as the sheath is axially translated relative to

the shaft.

The retaining structure may comprise at least two

circumferentially spaced-apart locking stays disposed

over the shaft.

The retaining structure may comprise a cover which

is detachably secured over the radially compressible

prosthesis and means operable from the proximal end

of the flexible shaft for detaching the cover from over the

prosthesis to release said prosthesis, in which case the

cover may be a cylinder and the detaching means is a

mechanism selected from the group consisting of (a) a

cord for splitting the cylinder along at least one axial or

spiral line by drawing proximally on the cord, (b) an axi-

ally translatable end cap which captures a plurality of re-

silient, radially outwardly flared axial elements of the cyl-

inder, and (c) means for axially separating two halves of

the cylindrical cover.

The delivery catheter may comprise a journal sleeve

slidabiy disposed over the sheath, wherein the journal

sleeve permits external anchoring of the catheter while

the sheath can still be translated relative to the shaft. The

delivery catheter may comprise a lock which selectively

fixes the shaft relative to the journal sleeve while permit-

ting the sheath tobe axially translated relative tothe shaft

and journal sleeve.

The delivery catheter may be provided with a shaft

having a coupling mechanism spaced inward for the dis-

tal end and the sheath has a coupling mechanism

spaced inward from the distal end, whereby different dis-

tal ends of the catheter may be attached.

The invention further concerns a catheter system

comprising a radially compressible prosthesis held by

the retaining structure of the shaft of the delivery catheter

as defined before.

The prosthesis may be axially anchored by the re-

taining structure and may be radially compressed by the

sheath itself. It is further possible that the prostheses

may be axially anchored and radially compressed by the

retaining structure.

Additionally the invention concerns a delivery cath-

eter for use with a prosthesis cartridge including a shaft

extension, a sheath extension slidabiy received over the

shaft extension, and a prosthesis radially compressed

over the shaft extension and within the sheath extension,

said delivery catheter comprising:*

an elongate flexible shaft having a proximal end, a

distal end, andacoupling memberat the distal end which

couples to a proximal end of the shaft extension of the

prosthesis cartridge; and

an elongate member slidabiy attached to the shaft

and having a proximal end, a distal end, and a coupling

member at the distal end which couples to a proximal

end of the sheath extension of the prosthesis cartridge;

and a prosthesis cartridge for use with a delivery

catheter including an elongate flexible shaft and an elon-

gate member slidabiy attached to the shaft, said pros-

s thesis cartridge comprising:

a shaft extension having a proximal end, a distal

end, and a coupling member at the proximal end which

couples to a distal end of the elongate flexible shaft of

the delivery catheter;

10 a sheath extension having a proximal end, a distal

end, and a coupling member at the proximal end which

couples to a distal end of the elongate member of the

delivery catheter; and

a prosthesis radially compressed over the shaft ex-

is tension and within the sheath extension.

The invention further concerns a set of prosthesis

cartridges comprising a plurality of prosthesis cartridges

as defined in the last paragraph, wherein at least some
of said cartridges comprise prostheses having different

20 lengths, and/or wherein the cartridge is contained in a

sterile package.

A method for preparing a prosthesis delivery cathe-

ter comprises:

providing a delivery catheter including:

25

(a) an elongate flexible shaft having a proximal end,

a distal end, and a coupling member at the distal

end; and

30 (b) an elongate member slidabiy attached to the

shaft and having a proximal end, a distal end, and a

coupling member at the distal end;

providing a prosthesis cartridge including:

35

(a) a shaft extension having a proximal end, a distal

end, and a coupling member at the proximal end;

(b) a sheath extension having a proximal end, a dis-

40 tal end and a coupling member at the proximal end;

and

(c) a prosthesis radially compressed over the shaft

extension and within the sheath extension; and
45

attaching the coupling member on the shaft exten-

sion to the coupling member on the flexible elongate

shaft and attaching the coupling member on the sheath

extension to the coupling member on the elongate mem-
so ber.

Furthermore, the invention concerns a delivery cath-

eter for placement of a radially compressible prosthesis,

the catheter comprising:

an elongate flexible shaft structure having a prox-

ss imal end, a distal end, and a prosthesis receptacle near

the distal end;

at least one runner disposed over the prosthesis

receptacle of the shaft structure; and

so

15
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a tubular cover slidably disposed over at least the

prosthesis receptacle of the shaft;

wherein the cover restrains the prosthesis against

the at least one runner.

The following embodiments may be provided:

The delivery catheter may further comprise a plural-

ity of axially disposed elongate runners affixed together

at their proximal ends;

the proximal ends of the runners may be proximal

of the prosthesis receptacle, and the runners may extend

distally of the constrained prosthesis;

the runners may be flexible and affixed to the shaft

structure so that the runners remain over the prosthesis

receptacle as the cover is axially translated overthe shaft

structure;

the runners and the shaft structure may axially re-

strain the prosthesis as the cover is proximally translated

from the prosthesis receptacle;

the shaft structure may include a core shaft which

is axially slidable relative to the runners, the core shaft

having a distal force imparting structure which axially re-

strains the prosthesis as the cover and the runners are

axially translated from the prosthesis receptacle;

the runners may be affixed to the cover, and the

shaft structure may axially restrain the prosthesis as the

runners and the cover are proximally translated from the

prosthesis receptacle;

the runners may comprise strips of material select-

ed from the group consisting of shape memory alloy,

stainless steel, and stainless alloy, titanium, and titanium

alloy;

the delivery catheter may further comprise an

asymmetric rotation marker adjacent to the prosthesis

receptacle, the rotation marker being radiopaque;

the delivery catheter may further comprise a hous-

ing at the proximal end of the shaft structure, the housing

including a handle and mechanical advantage mecha-
nism which multiplies a force against the handle and ap-

plies a multiplied force axially against the cover.

Additionally, the invention concerns a delivery cath-

eter for placement of a compressible prosthesis, the

catheter comprising:

an elongate flexible shaft structure having a prox-

imal end, a distal end, and a prosthesis receptacle near

the distal end;

a plurality of elongate runners extending distally

from the distal end of the shaft structure, the runners hav-

ing a hardness greater than that of the cover; and
a tubular cover slidably disposed over the prosthe-

sis receptacle on the shaft;

wherein the runners are radially constrained to-

ward the prosthesis receptacle when the cover is distally

extended over the prosthesis receptacle and are radially

released when the cover is proximally retracted.

The following embodiments may be provided:

The delivery catheter may have a shaft structure

which comprises a core shaft slidably disposed with in the

runners, the core shaft having a guidewire lumen and

means for releasably attaching the core shaft to the run-

ners at the proximal end of the shaft structure, wherein

the core shaft and distal end of the cover are capable of

presenting an atraumatic distal catheter end;

5 the core shaft may include a proximally tapered

nosecone at the distal end of the shaft structure;

the shaft structure may comprise a core shaft at-

tached to and extending distally from the proximal end
of the runners, the core shaft having a guidewire lumen,

10 wherein the core shaft and distal end of the cover are

capable of presenting an atraumatic distal catheter end;

the runners may comprise strips of material select-

ed from the group consisting of shape memory alloy,

stainless steel, stainless alloy, titanium, and titanium al-

15 toy;

the runners may be affixed to the shaft between
inner and outer layers of a material selected from the

group consisting of thermoplastic elastomer, Nylon, and
stainless steel;

20 the plurality of runners may comprise between 1

and 20 runners, and wherein each runner comprises a
strip which is longer than the prosthesis receptacle, a
width in the range between .010 and .090 inch, and a
thickness in the range between .001 and .020 inch;

25 the cover may comprise a material selected from
the group consisting of thermoplastic elastomer, braided

reinforced polymer, and polyamide fiber reinforced pol-

ymer,

the delivery catheter may further comprise an
30 asymmetric rotation marker adjacent to the prosthesis

receptacle, the rotation marker being radiopaque;

the delivery catheter may further comprise a hous-
ing at the proximal end of the shaft, the housing including

a handle and a mechanical advantage mechanism for

35 multiplying a force against the handle and applying a
multiplied force proximally against the cover;

the mechanical advantage mechanism may pro-

vide a mechanical advantage in the range from 5 to 50;

the delivery catheter may further comprise a fric-

40 tion reducer tube slidably disposed about the cover and
insertable within a valve seal of an introduction sheath,

the friction reducer tube including sealing means against

the cover.

Further, the invention concerns a delivery catheter

45 for placement of a resilient, radially compressible pros-

thesis within a patient body, the catheter passing through

an introduction sheath having a valve seal, the catheter

comprising:

an elongate flexible shaft having a proximal end
so and a distal end and a lumen therebetween;

a plurality of runners affixed to the shaft at their

proximal ends and oriented distally, the runners compris-

ing a high strength metal, the runners being longer than

the length of the prosthesis;

55 a tubular cover slidably disposedoverthe shaft and
runners;

a friction reducer tube slidably disposed over the

cover and insertable within the valve seal of the introduc-
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tion sheath, the friction reducer tube including sealing

means against the cover; and

a core shaft slidabiy disposed within the iumen of

the shaft and having means for releasably attaching to

the shaft at the proximal end, the core shaft having a

guidewire lumen and a nosecone.

The invention concerns also an improved delivery

catheter for placement of a branching, radially com-

pressible prosthesis in a branching body lumen, the cath-

eter of the type having an elongate shaft structure includ-

ing a proximal end, a distal end, an axis therebetween,

and a prosthesis receptacle near the distal end, the im-

provement comprising:

a rotation marker on the shaft structure adjacent to

the prosthesis receptacle, the rotation marker having an

asymmetric radiographic image, the image being asym-

metric about the axis of the shaft structure.

The delivery catheter may further comprise a branch

axial marker on the shaft structure within the prosthesis

receptacle, and/or

a proximal marker disposed a predetermined dis-

tance from the proximal end of the prosthesis receptacle

and a distal marker disposed a predetermined distance

from the distal end of the prosthesis receptacle, wherein

the proximal and distal markers are radiopaque and are

movable with the shaft, and/or

the rotation marker may include a radiopaque body

having a radiographically clear passage and a radio-

graphically clear notch.

The invention concerns also an improved prosthesis

delivery catheter for placement of a secondary radially

compressible prosthesis within a branch of a branching

prosthesis, the branching prosthesis placed in a branch-

ing body lumen, the catheter of the type having an elon-

gate shaft structure including a proximal end, a distal

end, and a prosthesis receptacle near the distal end, the

improvement comprising:

a radiopaque safety marker on the shaft structure

along the prosthesis receptacle, the safety marker a

maximum insertion distance from an end of the prosthe-

sis receptacle, the maximum insertion distance corre-

sponding to a maximum distance the secondary pros-

thesis can safely extend into the branch of the branching

prosthesis;

as well as an expandable tip delivery catheter for

placement of a radially compressible prosthesis having

a large diameter portion and a small diameter end, the

catheter comprising:

an elongate flexible shaft having a proximal end, a

distal end, and a prosthesis receptacle near the distal

end; and

a cover slidabiydisposed about the shaft, the cover

comprising:

a body portion; and

a resilient structure extending distaily from the

body portion, the resilient structure having an inherent

cross-section which is smaller than the body portion;

wherein the resilient structure expands over the

prosthesis receptacle as the cover is withdrawn proxi-

mally over the shaft,

wherein the resilient structure may comprise a

braided expandable mesh tubing and an elastomeric

s material disposed over the mesh tubing.

Claims

10 i. Adelivery catheterfor positioning radiallycompress-

ible prostheses (10, P), said catheter comprising:

an elongate flexible shaft (34, 74, 94, 1 1 6, 1 22,

1 52) having a proximal end (44, 86) and a distal end

(42,78, 88, 102, 112, 166);

is a retaining structure (50, 124, 154, 156) near

the distal end (42, 78, 88, 1 02, 1 1 2, 1 66) of the shaft

(34, 74, 94, 116, 122) which releasably holds the

axial position of the prosthesis (1 0, P) on the shaft

(34, 74, 94, 116, 122, 152); and

20 a sheath (32, 72, 82, 100, 110, 120, 164) slid-

abiy received over the shaft (34, 74, 94, 116, 122,

152) to cover the prosthesis (10, P) while said pros-

thesis (1 0, P) is axially held on the shaft (34, 74, 94,

116. 122, 152) by the retaining structure (50, 124,

25 154, 156).

2. A delivery catheter as in claim 1 , wherein the sheath

(72, 82, 100, 110, 120, 164) has a deployable out-

wardly flared distal end (78, 88, 102, 112, 166) to

30 facilitate proximal and distal motion over the pros-

thesis (P), and further comprising means on the

sheath (72, 82, 100, 110, 120, 164) for reconfiguring

the distal end (78, 88, 102, 112. 166) of the sheath

(72, 82, 100, 110, 120, 164) between a non-flared

35 configuration and a flared configuration.

3. A delivery catheter as in claim 1 or 2, wherein the

retaining structure comprises at least one locking

stay (50, 124) on the shaft (34, 122), and wherein

40' - the locking stay (50, 124) is disposed over the out-

side of the shaft (34, 122) and extends radially out-

ward by a distance sufficient to engage the interior

surface of the sheath (32, 120), whereby the stay

(50, 1 24) will extendthrough an aperture in the pros-

45 thesis (1 0) to hold the prosthesis (1 0) axially in place

relative tothe shaft (34, 122) as the sheath (32, 120)

is axially translated relative to the shaft (34, 122).

4. A prosthesis cartridge for use with a delivery cathe-

so ter including an elongate flexible shaft and an elon-

gate member slidabiy attached to the shaft, said

prosthesis cartridge comprising:

a shaft extension having a proximal end, a dis-

tal end, and a coupling member at the proximal end

55 which couples toa distal end of the elongate flexible

shaft of the delivery catheter;

a sheath extension having a proximal end, a

distal end, and a coupling member at the proximal

17
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end which couples to a distal end of the elongate
member of the delivery catheter; and

a prosthesis radially compressed over the
shaft extension and within the sheath extension.

5
5. A method for preparing a prosthesis delivery cathe-

ter, said method comprising:

providing a delivery catheter including:

(a) an elongate flexible shaft having a proximal io

end, a distal end, and a coupling member at the

distal end; and

(b) an elongate member slidably attached to the
shaft and having a proximal end, a distal end, is

and a coupling member at the distal end;

providing a prosthesis cartridge including:

(a) a shaft extension having a proximal end, a 20
distal end, and a coupling member at the prox-
imal end;

(b) a sheath extension having a proximal end,

a distal end and a coupling member at the prox- 2s

imal end; and

(c) a prothesis radially compressed over the

shaft extension and within the sheath extension;

and 30

attaching the coupling member on the shaft

extension to the coupling member on the flexible

elongate shaft and attaching the coupling member
on the sheath extension to the coupling member on 3$

the elongate member.

. A delivery catheter for placement of a radially com-
pressible prosthesis, the catheter comprising:

an elongate flexible shaft structure having a 40

proximal end, a distal end, and a prosthesis recep-
tacle near the distal end;

at least one runner disposed over the prosthe-
sis receptacle of the shaft structure; and

a tubular cover slidably disposed over at least 45

the prosthesis receptacle of the shaft;

wherein the cover restrains the prosthesis

against the at least one runner.

A delivery catheter as claimed in claim 6, further so

comprising a plurality of axially disposed elongate
runners affixed together at their proximal ends,
wherein the proximal ends of the runners are proxi-

mal of the prosthesis receptacle, and the runners
extend distally of the constrained prosthesis, and ss

wherein the runners are flexible and affixed to the
shaft structure so that the runners remain over the
prosthesis receptacle as the cover is axially trans-

lated over the shaft structure.

8. A delivery catheter for placement of a compressible
prosthesis, the catheter comprising:

an elongate flexible shaft structure having a
proximal end, a distal end, and a prosthesis recep-

tacle near the distal end;

a plurality of elongate runners extending dis-

tally from the distal end of the shaft structure, the
runners having a hardness greater than that of the

cover; and

a tubular cover slidably disposed over the

prosthesis receptacle on the shaft;

wherein the runners are radially constrained

toward the prosthesis receptacle when the cover is

distally extended over the prosthesis receptacle and
are radially released when the cover is proximaily

retracted.

9. A delivery catheter as claimed in claim 8, further

comprising a friction reducer tube slidably disposed
about the cover and insertable within a valve seal of

an introduction sheath, the friction reducer tube
including sealing means against the cover.

10. An improved delivery catheter for placement of a
branching, radially compressible prosthesis in a
branching body lumen, the catheter of the type hav-
ing an elongate shaft structure including a proximal
end, a distal end, an axis therebetween, and a pros-

thesis receptacle near the distal end, the improve-
ment comprising:

a rotation marker on the shaft structure adja-

cent to the prosthesis receptacle, the rotation

marker having an asymmetric radiographic image,
the image being asymmetric about the axis of the

shaft structure.

1 1. An expandable tip delivery catheter for placement of

a radially compressible prosthesis having a large

diameter portion and a small diameter end, the cath-

eter comprising:

an elongate flexible shaft having a proximal
end, a distal end, and a prosthesis receptacle near
the distal end; and

a cover slidably disposed about the shaft, the
cover comprising:

a body portion; and

a resilient structure extending distally

from the body portion, the resilient structure having
an inherent cross-section which is smaller than the
body portion;

wherein the resilient structure expands over
the prosthesis receptacle as the cover is withdrawn
proximaily over the shaft.

1 2. An expandable tip delivery catheter as claimed in

claim 11
, wherein the resilient structure comprises a

18
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braided expandable mesh tubing and an elasto

meric materia! disposed over the mesh tubing.
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BACKGROUND OF THE INVENTION

1
. Field of the Invention

The present invention relates generally to ap-
paratus and methods for endoluminal placement of
grafts, stents, and other structures. More particu-
larly, the present invention relates to a low profile,

compressible graft structure and apparatus and
methods for vascular placement of such structures
for the treatment of abdominal and other aneu-
rysms.

Vascular aneurysms are the result of abnormal
dilation of a blood vessel, usually resulting from
disease and/or genetic predisposition which can
weaken the arterial wall and allow it to expand.
While aneurysms can occur in any blood vessel,
most occur in the aorta and peripheral arteries, with
the majority of aortic aneurysms occurring in the
abdominal aorta, usually beginning below the renal
arteries and often extending distally into one or
both of the iliac arteries.

Aortic aneurysms are most commonly treated
in open surgical procedures where the diseased
vessel segment is bypassed and repaired with an
artificial vascular graft. While considered to be an
effective surgical technique, particularly consider-
ing the alternative of a usually fatal ruptured ab-
dominal aortic aneurysm, conventional vascular
graft surgery suffers from a number of disadvan-
tages, the surgical procedure is complex and re-
quire experienced surgeons and well equipped sur-
gical facilities. Even with the best surgeons and
equipment, however, patients being treated fre-
quently are elderly and weakened from cardiovas-
cular and other diseases, reducing the number of
eligible patients. Even for eligible patients prior to
rupture, conventional aneurysm repair has a rela-
tively high mortality rate, usually from 3% to 10%.
Morbidity related to the conventional surgery in-

cludes myocardial infarction, renal failure, impo-
tence, paralysis, and other conditions. Additionally,
even with successful surgery, recovery takes sev-
eral weeks, and often requires a lengthy hospital
stay.

In order to overcome some or all of these
drawbacks, endovascular graft placement for the
treatment of aneurysms has been proposed. Al-
though very promising, many of the proposed
methods and apparatus suffer from other problems.
Often times the proposed graft structures will have
exposed anchors or frame which can be throm-
bogenic. It is also difficult to provide graft struc-
tures which remain sealed to the blood vessel
lumen to prevent the leakage or bypass of blood
into the weakened aneurysm, especially when sub-
jected to external deforming forces which result
from vessel expansion and contraction as the heart

beats. Many vascular graft structures have difficulty

in conforming to the internal arterial wall, particu-
larly since the wall can have a highly non-uniform
surface as a result of atherosclerosis and calcifica-

5 tion and is expanding and contracting with the
patient's heartbeat and blood flow. Additionally,

many previous vascular graft structures are difficult

to position and anchor within the target region of
the vessel.

10 For these reasons, it would be desirable to
provide improved apparatus and methods for the
endovascular placement of intraluminal grafts for
treating aneurysms and other conditions. It would
be particularly desirable if the graft structures were

75 easy to place in the target region, displayed little or
no thrombogenicity, provided a firm seal to the
vascular wall to prevent leakage and blood bypass,
and were able to conform to uniform and non-
uniform blood vessel walls, even while the wall is

20 expanding and contracting with the patient's heart-
beat.

2. Description in the Background Art

25 Vascular grafts and devices for their trans-
luminal placement are described in U.S. Patent
Nos. 5,219,355; 5,211,658, 5,104,399; 5,078,726'
4,820,298; 4,787,899; 4,617,932; 4,'562,'596;'

4,577,631; and 4,140,126; and European Patent
30 Publications 508 473; 466 518; and 461 791.

Expandable and self-expanding vascular stents
are described in U.S. Patent Nos. 5,147,370;
4,994,071; and 4,776,337; European patent Publica-
tions 575 719; 556 850; 540 290; 536 610; and 481

35 365; and German patent Publication DE 42 19 949.
A flexible vascular stent structure having counter
wound helical elements, some of which are sepa-
rated at particular locations to enhance flexibility, is

commercially available from Angiomed, Karlsruhe,
*o Germany, as described in a brochure entitled

Memotherm lliaca Stents.

Catheters for placing vascular stents are de-
scribed in U.S. Patent Nos. 5,192,297; 5,092,877-
5.089,005; 5,037,427; 4,969,890; and 4,886,062.

f5 Vascular grafts intended for open surgical im-
plantation are described in U.S. Patent Nos
5,236.447; 5,084,065; 4,842,575; 3,945,052; and
3,657.744; and PCT applications WO 88/00313 and
WO 80/02641; and SU 1697787.

o Nickel titanium alloys and their use in medical
devices are described in U.S. Patent Nos
4,665,906 and 4,505,767.

SUMMARY OF THE INVENTION
5

The present invention comprises a graft as well
as apparatus and methods for the endoluminal
placement of intraluminal grafts for the treatment of

2
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disease conditions, particularly aneurysms.

In accordance with a preferred embodiment the

intraluminal grafts comprise a radially compress-

ible, perforate tubular frame having a proximal end,

a distal end, and an axial lumen between said

ends. An interior liner, typically a fabric, polymeric

sheet, membrane, or the like, covers all or most of

the surface of the lumen of the tubular frame,

extending from a near-proximal location to a near-

distal location. The liner is attached to the frame at

at least one end, as well as at a plurality of loca-

tions between said ends. Optionally, a second liner

may be provided over at least a portion of the

exterior of the frame to cover both sides of the

frame. Such exterior coverage provides a circum-

ferential seal against the inner wall of the blood

vessel lumen in order to inhibit leakage of blood

flow between the graft and the luminal wall into the

aneurysm or stenosis which is being treated.

The grafts of the present invention will find

particular use in the treatment of vascular con-

ditions, such as abdominal and other aneurysms,

vascular stenoses, and other conditions which re-

quire creation of an artificial vessel lumen. For the

treatment of vascular stenoses, the graft may serve

as a stent to maintain vessel patency in a manner

similar to that described in the above-described

U.S. and foreign patent documents relating to

stents. Other intraluminal uses of the devices and

methods of the present invention include stenting

of the ureter, urethra, biliary tract, and the like. The
devices and methods may also be used for the

creation of temporary or long term lumens, such as

the formation of a fistula.

Such graft structures provide a number of ad-

vantages over previously proposed designs, par-

ticularly for vascular uses. By covering the lumen

of the tubular frame, thrombogenicity of the graft

resulting from exposed frame elements is greatly

reduced or eliminated. Such reduction of throm-

bogenicity is achieved while maintaining the bene-

fits of having a frame structure extending over the

graft. Such an external frame helps anchor the graft

in place and maintain patency and evenness of the

graft lumen, both of which are advantages over

graft structures which are anchored and supported

only at each end. The preferred vascular grafts of

the present invention are also self-expanding and

easy to place. The self-expanding nature of such a

frame also counteracts external deforming forces

that may result from the continuous physiologic

expansion and contraction of the blood vessel

lumen. Moreover, the lack of cleats, tines, or other

penetrating elements on the graft allows the graft to

more closely conform to the surrounding vessel

wall and facilitates retrieval and/or repositioning of

the graft, as will be described in more detail

hereinafter. Additionally, a resilient tubular frame

structure permits the graft to conform to even irreg-

ular regions of the blood vessel wall as the wall is

expanding and contracting as a result of the pump-

ing of the patient's heart.

5 The tubular frame preferably comprises a plu-

rality of radially compressible band or ring struc-

tures, each of which have a relaxed (i.e., non-

compressed) diameter which is greater than the

diameter of the blood vessel to be treated. Adja-

w cent compressible band members may be inde-

pendent of each other or may be joined at one or

more locations therebetween. If joined, the bands

are preferably joined at only two diametrically op-

posed points to enhance flexibility of the frame

75 over its length. Independent band members will be

held together by their attachment to the interior

and/or exterior liner(s).

Alternatively, the tubular frame may comprise a

plurality of laterally compressible axial members,

20 with adjacent axial members preferably not being

directly connected to each other. The axial mem-
bers will usually comprise a multiplicity of repeat-

ing structural units, e.g., diamond-shaped ele-

ments, which are axially connected. The axial

25 members will be attached to the inner liner, either

by stitching or by capturing the axial members in

pockets formed between the inner liner and an

outer liner disposed over the frame. The pockets

may be formed by attaching the inner and outer

30 liners to each other along axial lines between adja-

cent axial members.

The present invention also provides methods

and systems for the in situ placement of bifurcated

grafts for the treatment of aorto-iliac segments and

35 other bifurcated lumens. A preferred system com-

prises a bifurcated base structure including a proxi-

mal anchor, typically a self-expanding frame, which

defines a common flow lumen and a pair of con-

nector legs that establish divergent flow lumens

40 from the common flow lumen. The preferred sys-

tem also includes a first tubular graft which can be

anchored within first of the connector legs to form

a continuous extension of the first divergent flow

lumen and a second tubular graft which can be

45 anchored within a second of the connector legs to

form a continuous extension of the second diver-

gent flow lumen. A preferred method of placement

comprises first introducing the bifurcated base

structure so that the anchor section is positioned

so within a primary vessel, i.e., the aorta, below the

renal arteries. After the bifurcated base structure is

anchored, the first tubular graft is introduced into

the first connector leg and anchored between said

leg and the first branch artery, e.g., the right iliac.

55 The second tubular graft is then inserted into the

second connector section and anchored between

the second connector and the second branch ar-

tery. By properly selecting the dimensions of the

3
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bifurcated base structure, the first tubular graft, and
the second tubular graft, the resulting bifurcated
graft structure can have dimensions which are spe-
cifically matched to the vessel dimensions being
treated. Preferably, the bifurcated base structure, 5
first tubular graft, and second tubular graft, will be
formed from radially compressible perforate tubular
frames having interior and/or exterior liners, gen-
erally as described above for the preferred vascular
graft of the present invention. The radially com- 10

pressible perforate tubular frame on the base struc-
ture, however, will terminate above the region
where the connector legs diverge. The connector
legs below the divergent region will be reinforced
by placement and expansion of the tubular graft 15

structures therein.

The present invention further provides a deliv-
ery catheter for endovascular placement of radially

compressible grafts or stents, such as the vascular
grafts and bifurcated base structures described 20
above. A preferred catheter comprises an elongate
shaft having a proximal end and a distal end.
Preferably, a retaining structure is provided near
the distal end of the shaft for holding the graft or
the stent on the shaft until such a time that the 25
graft or stent is positively released, e.g., by with-
drawing a pull wire which extends through locking
stays on either side of the graft or stent. The
preferred delivery catheter further comprises a
sheath slidably mounted over the shaft. The sheath 30
is initially disposed to cover and restrain the radi-

ally compressed graft or stent while the catheter is

being intervascularly introduced to a desired target
location. The sheath may then be withdrawn, re-
leasing the radially compressed graft or stent to 35
occupy and anchor within the vasculature or other
body lumen. Preferably, the graft or stent will re-
main fixed to the shaft even while the sheath is

being withdrawn so that the physician can recap-
ture the graft by advancing the sheath back over its 40
exterior. Only after the graft or stent is fully ex-
panded at the target location within the vessel
lumen is the graft or stent finally released. Prefer-
ably, the sheath will have a flared or outwardly
tapered distal end to facilitate both release and 45
recapture of the graft or stent by axial translation of
the sheath. The flared end may be fixed or de-
ployable, i.e., selectively shiftable between a flared
and a non-flared configuration. Preferably, the
flared end will be deployable so that the sheath 50
may be introduced with the distal end in its non-
flared configuration to minimize its profile. After
properly positioning the sheath, the distal end may
be opened to assume its tapered configuration.

55

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view of a vascular graft con-
structed in accordance with the principles of the

present invention.

Fig. 1A is a side view of a first alternate em-
bodiment of a vascular graft constructed in accor-
dance with the principles of the present invention.

Fig. 1B is a side view of a second alternate

embodiment of a vascular graft constructed in ac-
cordance with the principles of the present inven-
tion.

Fig. 2 is a side view of a radially compressible
perforate tubular frame of a type which may be
used in a vascular graft of Fig. 1

.

Figs. 3A and 3B are a schematic illustrations

showing the joining pattern of the radially com-
pressible band members of the tubular frame of
Fig. 2.

Rg. 4 illustrates a structure which has been
etched from a tube and which may be subse-
quently expanded to form the tubular frame of Fig.

2.

Fig. 5 illustrates a bifurcated base structure

which is part of a system for forming a bifurcated

graft in situ.

Fig. 6 illustrates the distal end of a graft and
stent placement catheter constructed in accor-
dance with the principles of the present invention.

Fig. 7-12 illustrate placement of a bifurcated

aortic graft using the bifurcated graft placement
system of the present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENT

The present invention provides apparatus and
methods for the transluminal placement of graft

structures, particularly within the vascular system
for treatment of aneurysms and other vascular con-
ditions, but also in other body lumens, such as
ureter, urethra, biliary tract, gastrointestinal tract,

and the like, for the treatment of other conditions
which benefit from the introduction of a reinforcing

or protective structure in the lumen. The apparatus
and methods can also find use in the creation of

artificial lumens through solid tissue and structures,

such as the placement of a TE fistula via an
endoscope. The vascular grafts will be placed en-
dovascularly. As used herein, "endovascularly" will

mean placement by percutaneous or cutdown tran-

sluminal procedures using a catheter over a
guidewire under fluoroscopic guidance. The cath-

eters and guidewires may be introduced through
conventional access sites to the vascular system,
such as through the brachial and subclavian ar-

teries for access to the aorta and through the
femoral arteries for access to the aorta or to pe-
ripheral and branch blood vessels.

4
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A vascular graft according to the present inven-

tion will comprise a radially compressible perforate

tubular frame and an inner or interior liner attached

within a central lumen defined by the frame and

optionally a second or outer liner formed over the

exterior of the frame. The radially compressible

frame can take a variety of forms, usually compris-

ing or consisting of a plurality of independent or

interconnected structural elements, such as rings,

bands, helical elements, serpentine elements, axial

struts, parallel bars, and the like, that can be com-

pressed from a relaxed, large diameter configura-

tion to a small diameter configuration to facilitate

introduction, as discussed below. It is necessary, of

course, that the liner(s) remain attached to the

frame both in its radially compressed configuration

and in its expanded, relaxed configuration.

A preferred configuration for the tubular frame

comprises a plurality of radially compressible band

members, where adjacent band members are

joined to each other at only two diametrically op-

posed points, in order to enhance flexibility. In a

particularly preferred aspect, the diametrically op-

posed attachment points are rotationaliy staggered

in order to provide flexibility in more than one

direction. A preferred method for forming such a

tubular frame is described in more detail

hereinafter. In another preferred configuration, at

least some of the bands of the frame are indepen-

dent /.e., are not directly connected to each other.

Instead, the bands are connected only to the liner-

(s) which maintain the axial integrity of the graft.

Preferably, the independent bands are stitched or

sealed between interior and exterior liners, as will

be described in more detail below. Other suitable

frame structures are described in the patent litera-

ture.

In an alternate configuration, the perforate tubu-

lar frame comprises a plurality of laterally com-

pressible axial members which are attached di-

rectly, e.g., by stitching, or indirectly, e.g., by lami-

nation, to the inner liner. The axial members may
be a multiplicity of repeating structural elements,

such as diamonds, or could be formed from two or

more overlapping elements. By positioning the axi-

al members in pockets formed between an inner

liner and an outer liner, the axial elements will be

able to flex independently while providing the de-

sired radial compressibility and self-expansion

characteristics for the. graft.

The dimensions of the tubular graft will depend

on the intended use. Typically, the graft will have a

length in the range from about 50 mm to 500 mm,
preferably from about 80 mm to 200 mm for vascu-

lar applications. The relaxed diameter will usually

be in the range from about 4 mm to 45 mm,
preferably being in the range from about 5 mm to

25 mm for vascular applications. The graft will be

radially compressible to a diameter in the range

from 3 mm to 9 mm, preferably from 4 mm to 6

mm for vascular applications.

The liner(s) will be composed of conventional

5 biological graft materials, such as polyesters, poly-

tetrafluoroethylenes (PTFFs), polyurethanes, and

the like, usually being in the form of woven fabrics,

non-woven fabrics, polymeric sheets, membranes,

and the like. A presently preferred fabric liner ma-

io terial is a plain woven polyester, such as type 56

Dacron® yarn (Dupont, Wilmington, Delaware), hav-

ing a weight of 40 denier, woven at 27 filaments

with 178 warp yarns per circumferential inch, and

78 yarns per inch in the fill direction.

75 The liner will be attached to the interior lumen

of the tubular frame and will cover most or all of

the interior surface of the lumen. For example, the

liner may be stitched or otherwise secured to the

tubular frame along a plurality of circumferentially

20 spaced-apart axial lines. Such attachment permits

the liner to fold along a plurality of axial fold lines

when the frame is radially compressed. The liner

will further be able to open and conform to the

luminal wall of the tubular frame as the frame

25 expands. Alternatively, when inner and outer liners

are used, the liners may be stitched, heat welded,

or ultrasonically welded together to sandwich the

tubular frame therebetween. In an exemplary em-

bodiment where a plurality of independent band

30 members are disposed between interior and ex-

terior liners, the liners are secured together along

circumferential lines between adjacent band mem-
bers to form pockets for holding the band mem-
bers. In a second exemplary embodiment where a

35 plurality of independent axial members are dis-

posed between interior and exterior liners, the lin-

ers are secured together along axial lines to form

pockets for holding the axial members.

The liner will preferably be circumferentially

40 sealed against the tubular frame at at least one

end, preferably at both ends in the case of straight

(non-bifurcated) grafts. It is also preferred in some

cases that the distal and proximal end of the perfo-

rate tubular frame be exposed, i.e., not covered by

4$ the liner material, typically over a length in the

range from about 1 mm to 25 mm. Frame which is

not covered by the liner permits blood perfusion

through the perforations and into branch arteries

such as the renal arteries in the case of abdominal

so aorta grafts, while providing additional area for an-

choring the frame against the blood vessel lumen.

In an exemplary embodiment, the liner will extend

through the frame and over the exterior surface

near either or both ends to provide a more effective

55 seal against the adjacent blood vessel wall.

The radially compressible perforate tubular

frame will be composed of a resilient material,

usually metal, often times a heat and/or shape

5
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memory alloy, such as nickel titanium alloys which
are commercially available under the trade name
Nitinol®. The frames may also be composed of

other highly elastic metals, such as MP-35 N, El-

giloy, 316 L stainless steel, and the like. In the
case of Nitinol® and other memory alloys, the
phase transition between austenitic and martensitic

states may occur between an introduction tempera-
ture, e.g., room temperature (approximately 22*0),
and body temperature (37 *C), to minimize stress

on the unexpanded frame and enhance radial ex-

pansion of the frame from its radially compressed
condition. Expansion can also be achieved based
on the highly elastic nature of the alloy, rather than
true shape recovery based on phase change.

In some cases, it may be desirable to form a
tubular frame having different elastic or other me-
chanical properties at different regions along its

length. For example, it is possible to heat treat

different regions of the tubular frame so that some
regions possess elastic properties while others be-
come malleable so that they may be deformed by
external force. For example, by providing at least

one malleable end portion and an elastic (radially

compressible) middle portion, the graft can be firm-

ly expanded and implanted by internal balloon ex-
pansion force (to anchor the end(s) in the inner wall

of the blood vessel) while the middle will remain
open due to the elastic nature of the tubular mem-
ber. Malleable end portions are a particular advan-
tage since they can be expanded with a sufficient

force, and re-expanded if necessary, to assure a
good seal with the blood vessel wall. Alternatively,

the malleable ends could be formed from a dif-

ferent material than that of the middle portion of the
tubular frame. The use of different materials would
be particularly convenient when the frame is

formed from a plurality of independent bands,
where one or more band members at either or both
ends could be formed of a malleable metal. Usu-
ally, such malleable end(s) will extend over a dis-

tance in the range from 5 mm to 50 mm, preferably
from 5 mm to 20 mm.

Malleable portions or segments can also be
formed in other parts of the tubular frame. For
example, some circumferentially spaced-apart seg-
ments of the tubular frame could be malleable
while the remaining circumferential segments
would be elastic. The frame would thus remain
elastic but have an added malleability to permit
expansion by applying an internal expansion force.

Such a construction would be advantageous since
it would allow the diameter of the graft or stent

structure to be expanded if the initial diameter
(which resulted entirely from elastic expansion)
were not large enough for any reason. The propor-
tion of elastic material to malleable material in the
tubular frame can be selected to provide a desired

balance between the extend of initial, elastic open-
ing and the availability of additional, malleable

opening. Such construction can be achieved by
selective heat treatment of portions of a frame

5 composed of a single alloy material, e.g. nickel

titanium alloy, or by forming circumferential seg-
ments of the frame from different materials having
different elastic/malleable properties. In particular,

individual laterally compressible axial members 204
w (as described in connection with Rg. 1B) could be

formed from materials having different elas-

tic/malleable properties.

Referring now to Figs. 1-4, an exemplary graft

structure 10 will be described. The graft structure

75 10 includes a fabric liner 12 and a radially com-
pressible perforate tubular frame 14. For conve-
nience, the frame 14 is illustrated by itself in Rg. 2.

The frame is illustrated in its expanded (relaxed)

configuration in each of these figures, but may be
20 radially compressed by applying a radially inward

compressive force, usually by placing the graft 10
in an outer sheath, as will be described in more
detail hereinafter.

The tubular frame 14 comprises a plurality of

25 radially compressible band members 11, each of

which comprises a zig-zag or Z-shaped element
which forms a continuous circular ring. Each band
member 11 will typically have a width w in the
range from 2 mm to 15 mm, and the tubular frame

30 will comprise from 1 to 30 individual band mem-
bers. Adjacent band members 11 are preferably

spaced-apart from each other by a short distance d
and are joined by bridge elements 13. Flexibility is

enhanced by providing only two diametrically op-
35 posed bridge elements 13 between each adjacent

pair of band members 11. As will be described
further with reference to Fig. 1A, flexibility can be
further enhanced by leaving the band members
connected only by the liner.

40 Usually, the perforate tubular frame 14 will be
left open at each end, e.g., at least a portion of the
last band member 1 1 will remain uncovered by the
liner 12. The liner 12 will be stitched or otherwise

secured to the band members 11, preferably at the
45 junctions or nodes when the element reverses di-

rection to form the Z-pattern (although the stitching

should not cross over between the band members
in a way that would restrict flexibility). The liner 12
will usually pass outward from the inner lumen of

so the tubular frame 14 to the exterior of the frame
through the gap between adjacent band members,
as illustrated in Rg. 1. The portion of liner 12 on
the exterior of the tubular frame 14 helps seal the
end(s) of the graft 10 against the wall of the blood

55 vessel or other body lumen in which it is disposed.
The joining pattern of adjacent band members

11 is best illustrated in Figs. 3A and 3B. Rg. 3A
illustrates the tubular frame 14 as it would look if

6
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unrolled onto a fiat surface. Rg. 3B is similar to

Rg. 3A, except that the band members are ex-

panded. The expansion is shown at 30*, but will

frequently extend up to 60 • or higher in use.

A preferred method for forming the tubular

frame 14 in the present invention may be de-

scribed with reference to Rg. 4. A tube of the

desired elastic material, such as nickel titanium

alloy having a phase transformation temperature

significantly below 37 #
C. preferably between 30 *C

and 32 *C, is obtained. The tube will have dimen-

sions roughly equal to the desired dimensions of

the frame when radially compressed. The tube may
be drawn, rolled, or otherwise treated to achieve

the desired wall thickness, diameter, and the like.

Suitable wall thicknesses are in the range of about

0.1 mm to 0.5 mm. A pattern of axial slots is then

formed in the tube, as illustrated in Rg. 4. The

slots may be formed by electrical discharge ma-

chining (EDM), photochemical etching, laser cut-

ting, machining or other conventional techniques.

After the slots have been formed, the tube is me-

chanically expanded to its desired final (relaxed)

diameter and heat treated at a suitable temperature

to set the tube in the desired expanded state.

Sharp edges are removed by conventional tech-

niques, such as deburring, abrasive extrusion, or

the like. The result of the expansion is the tubular

frame illustrated in Rgs. 1 and 2.

Preferably, each end of the liner 12 will be

circumferential ly sealed at or near the distal and

proximal ends of the tubular graft. As illustrated in

Rg. 1A, this can be achieved by folding over the

end of the liner 12 onto the external surface of the

graft 10. Conveniently, this can be done through

the gaps which are present between adjacent band

members 14. Where the junctions 13 remain, the

liner 12 can be carefully stitched onto the under-

lying surface of the frame, as shown at 18 in Rg.

1A. Other techniques for circumferentially sealing

the liner include heat or ultrasonic welding of the

liner, laminating an outer gasket, sewing an outer

reinforcement member, or the like.

Referring now to Rg. 1A, an alternative em-

bodiment 100 of a vascular graft constructed in

accordance with the principles of the present in-

vention will be described. The graft 100 comprises

a perforate tubular frame 102 which includes a

plurality of independent (non-connected) band

members 104 separated from each other by gaps

106. The perforate tubular frame 102 is similar in

construction to frame 14 of graft 10, except that

adjacent band members 104 are not directly con-

nected to each other. Band numbers 104 will be

connected only by an inner liner 108 and an outer

liner 110, where the inner and outer liners together

encase or sandwich the otherwise free-floating

band members 104. In order to secure the band

members 104 in place, and secure the liners to the

perforate tubular frame 102, the inner and outer

liners are joined together along circumferential

lines 112, preferably located in the gaps 106 be-

5 tween adjacent band members 104. The liners may
be joined together by stitching, heat welding, ultra-

sonic welding, or the like. In the exemplary em-

bodiment, the liners 108 and 110 are formed from

polymeric sheet material and are joined together

10 by ultrasonic welding. The band members 104 at

each end of the graft 100 will have to be further

secured to the liners 108 and 110. For example,

they could be stitched, welded, or otherwise joined

to the liners to hold them in place, the dimensions,

75 materials, and other aspects of the graft 100 will be

generally the same as those described previously

for graft 10.

Referring now to Rg. 1B, a second alternative

embodiment 200 of the vascular graft of the

20 present invention is illustrated. The graft 200 com-

prises a perforate tubular frame 202 including a

plurality of laterally compressible axial members
204. Each axial member 204 comprises a plurality

of diamond-shaped structural elements which are

25 connected to each other in a linear fashion. It will

be appreciated that each diamond-shaped struc-

tural element is laterally compressible so that the

frame 202 as a whole may be radially compressed

from a reduced-diameter configuration to an ex-

30 panded-diameter configuration. As illustrated in Rg.

1 B, the frame is in a partially compressed configu-

ration. The axial members 202 will be captured

between an inner liner 206 and an outer liner 208.

The inner liner 206 and outer liner 208 will be

35 secured to each other along a. plurality of axial lines

210 disposed between adjacent axial members

204. In this way, each axial member 204 will be

captured within a pocket formed between the inner

liner 206 and outer liner 208. As with previous

40 embodiments, the ends of the frame may extend

beyond the liners to provide for improved anchor-

ing and perfusion on either side of the graft.

Referring now to Rg. 5, a bifurcated base

structure for forming a bifurcated graft in combina-

45 tion with a pair of the vascular grafts 10 just dis-

cussed will be described. The bifurcated base

structure 20 comprises an anchor segment 22.

which typically will be a radially compressible per-

forate frame having a structure similar or identical

50 to that just discussed. The frame of anchor 22 will

typically have a length in the range from about 5

mm to 50 mm, and a diameter in the range from

about 5 mm to 30 mm. A liner 24 will be disposed

within the frame 22, typically being circumferen-

55 tially sealed near the upper end of the frame, e.g.,

being folded over and stitched as described pre-

viously. As with the straight graft embodiment of

Rgs. 1-4, the proximal end of the liner 24 will

7
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preferably be distaliy spaced-apart from the proxi-
mal end of the anchor segment 22, typically by a
distance in the range from 1 mm to 25 mm. The
fabric 24 defines a common flow lumen at its upper
end and a pair of divergent flow lumens at its lower 5
end, one in each leg 26 and 28. The legs 26 and
28 are preferably not covered by the frame of
anchor 22. The fabric legs 26 and 28 will each
have a diameter in the range from 6 mm to 18 mm
and a length in the range from 5 mm to 30 mm. 10
The dimensions of each leg need not be the same.

Referring now to Fig. 6, a catheter 30 for

delivering the vascular graft 10 or bifurcated base
structure 20 will be described. The catheter 30
includes a shaft 32 having a pair of axially spaced- 75

apart stays 34 and 36. A pull wire 38 extends
through a lumen 40 of shaft 32 and through protru-
sions on each of the stays 34 and 36. A sheath 42
is slidably disposed over the shaft 32 so that it

may be advanced over the stays 34 and 36. 20
Guidewire 34 extends through the shaft 32 and
shaft extension 46 to facilitate vascular introduction
of the catheter 30. A radially compressible graft G
(such as graft 10) is placed over the distal end of
the shaft extension 46, generally being aligned 25
between the stays 34 and 36. The pull wire 38 is

then advanced through the stays 34 and 36 so that
it passes through each end of the graft G to main-
tain the graft in place until the pull wire is with-
drawn. While the pull wire 38 remains in place, the 30
sheath 42 may be axially advanced over the graft
to radially compress the graft into its desired low
profile diameter. The sheath 42 includes a flared
(i.e., outwardly tapered) distal end 46 to facilitate

advancing the sheath over the graft, in particular so 35
that the graft may be recaptured when it is partially

deployed, as described hereinafter. The outward
taper may be permanently fixed in the body of the
sheath, but will preferably be selectively deploya-
ble between the tapered configuration and a non- 40
tapered or straight configuration (shown in broken
line) to facilitate introduction of the sheath through
the vasculature or other body lumen. A variety of
suitable mechanisms for selectively expanding the
distal end of the sheath are known in the art, such 45
as pull wires and the like. The sheath 42 will be
introduced through the vasculature through a con-
ventional introducer sleeve having a proximal he-
mostasis valve.

The catheter 30 may be modified to provide so
alternate delivery techniques for the graft G. For
example, the catheter 30 may include a balloon at
or near its distal end for use with grafts having
malleable portions which need to be expanded.
The catheter 30 might also include bumpers or 55
other means for aligning the graft on the shaft 46
while the sheath 42 is being retracted. A variety of
other catheter constructions and techniques for de-

livering the radially-compressible graft and stent

structures of the present invention.

Referring now to Figs. 7-12, placement of a
bifurcated graft structure in an abdominal aortic

aneurysm AA of a patient will be described. Ini-

tially, the delivery catheter 30 is introduced through
an introducer sleeve 50 via an antegrade approach
(e.g. the subclavian artery SC), as illustrated in Fig.

7. The bifurcated base structure is initially main-
tained within sheath 42 so that it remains radially

compressed. After the compressed base structure

20 is properly positioned, the sheath 42 will be
withdrawn, allowing the base structure 20 to ex-
pand in place, as illustrated in Fig. 8. The catheter

30 may then be withdrawn, leaving the guidewire
GW in place. A vascular graft 10 is then mounted
on the catheter 30 and reintroduced so that the
compressed vascular graft lies within the fabric

liner leg 28 while covered with sheath 42, as illus-

trated in Fig. 9. The sheath 42 is then withdrawn so
that the vascular graft 10 will expand both within

the leg 28 and the left iliac LI, as illustrated in Fig.

10. The catheter 30 is then withdrawn, and the
guidewire is transferred from the left iliac LI to the
right iliac Rl. Alternatively, a separate guidewire
could be introduced. Catheter 30 is then rein-

troduced over the guidewire with sheath 42 cover-
ing a second vascular graft 10 and advanced into

the right iliac, as illustrated in Rg. 11. The sheath
42 is then withdrawn, allowing the second vascular
graft 10 to expand within both the right iliac Rl and
the second leg 26 of the fabric liner. The com-
pleted bifurcated graft structure is then in place, as
illustrated in Fig. 12, and the guidewire GW, cath-
eter 30, and introducer sheath. 50 may then be
withdrawn.

Femoral access and retrograde placement of

the graft structures of the present invention will be
possible although such an approach is not pres-
ently preferred.

Positioning and repositioning of the stent-graft

structure of the present invention can be facilitated

by use of an ultrasonic imaging catheter or
guidewire, such as the guidewires described in

U.S. Patent Nos. 5,095,911 and PCT WO 93/16642.
Such ultrasonic guidewires can be used in place of

the conventional guidewire 30 illustrated in Figs. 7-

12, typically being sealed by a hemostasis valve at
the proximal end of the delivery catheter 30. Lock-
ing means, clamps, markings, and the like, may be
provided on either or both of the delivery catheter

30 and the imaging guidewire to assure proper
positioning of the ultrasonic transducer within the
stent-graft structure during the placement proce-
dure. The aneurysm or other anomaly being treat-

ed can then be precisely located prior to release of

the stent-graft 10. After partial placement, proper
location of the stent-graft 10 can be confirmed with

8
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the ultrasonic imaging device, if the position is not

correct, the stent-graft 10 can be drawn back into

the sheath 42, and the stent-graft be repositioned

prior to complete release. The use of an ultrasonic

imaging guidewire is advantageous since there is 5

no need to exchange the guidewire for a separate

ultrasonic imaging catheter.

Although the foregoing invention has been de-

scribed in some detail by way of illustration and

example, for purposes of clarity of understanding, it w
will be obvious that certain changes and modifica-

tions may be practiced within the scope of the

appended claims.

Claims 75

1. A graft comprising:

a perforate tubular frame having a proximal

end, a distal end, and a lumen therebetween;

and 20

an inner liner extending from a near-proxi-

mal location on the lumen to a near-distal

location on the liner, wherein the liner covers

the lumen of the tubular frame over the entire

distance from said near-proximal location to 25

said near-distal location.

2. A graft as in claim 1 , wherein the tubular frame

comprises a plurality of radially compressible

band members, wherein adjacent band mem- 30

bers are jointed to each other at diametrically

opposed points which are rotationally stagger-

ed to enhance flexibility of the frame, or

wherein at least some adjacent band members
are not directly connected to each other, and 35

wherein the band members are captured be-

tween the inner liner and an outer liner.

3. A graft as in claim 1 , wherein the tubular frame

comprises a plurality of laterally compressible 40

axial members.

4. A graft as in claim 3, wherein the axial mem-
bers each comprise a plurality of diamond-

shaped elements. 45

5. A graft member as in claim 3 or 4, wherein the

axial members are captured in between the

inner liner and an outer liner.

50

6. A graft as in one of the claims 1 to 5, wherein

the liner is circumferentially sealed to the per-

forate tubular frame at at least one of said

near-proximal and near-distal locations, and is

spaced-inward from an end of the perforate 55

tubular frame by a distance in the range from

1 mm to 20 mm, wherein at least one terminal

portion of the perforate tubular frame remains

uncovered,

7. A system for forming a bifurcated graft in situ,

said system comprising

a bifurcated base structure including a

proximal anchor which defines a common flow

lumen and a pair of connector legs which

define divergent flow lumens from the common
flow lumen;

a first tubular graft which can be anchored

within a first of the connector legs to form a

continuous extension of the first divergent flow

lumen; and

a second tubular graft which can be an-

chored within a second of the connector legs

to form a continuous extension of the second

divergent flow lumen.

8. A system as in claim 7, wherein the proximal

anchor of the bifurcated base structure com-

prises a radially compressible perforate tubular

frame having a proximal end, a distal end, and

a lumen therebetween, and wherein the pair of

connector legs comprise a liner secured within

the tubular frame and having a pair of legs

which extend distally from the tubular frame,

and wherein at least one of the first and sec-

ond tubular grafts comprises (a) a radially

compressible perforate tubular frame having a

proximal end, a distal end, and a lumen there-

between and (b) a liner extending over an

interior lumen surface of the tubular frame.

9. A delivery catheter for a radially compressible

graft or stent, said catheter comprising:

an elongate flexible shaft having a proxi-

mal end and a distal end;

a retaining structure near the distal end of

the shaft which holds the graft or stent on the

shaft; and

a sheath slidably received over the shaft to

radially compress the graft or stent while said

graft or stent is held on the shaft by the

retaining structure.

10. A delivery catheter as in claim 9, wherein the

sheath has an outwardly tapered distal end to

facilitate proximal and distal motion over the

graft or stent, wherein the outward taper is

fixed or deployable, and wherein the retaining

structure comprises a pair of spaced-apart

locking stays on the shaft and a pull wire

which extends through the locking stay and

through the graft or stent to hold said graft or

stent in place.
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